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ABSTRACT 


'iQuality  assurance  functions  at  some  major  industrial 
manufacturers  are  confronted  with  test  data  on  a  massive 
scale  and  are  not  capable  through  manual  methods  of  the  in- 
depth  analyses  that  are  necessary  for  effective  quality 
control.  This  report  details  the  development  of  a  quality 
control  system  for  use  at  the  Garrett  Turbine  Engine 
Company,  Phoenix,  Arizona,  in  analyzing  the  results  of 
testing  of  vendor-supplied  castings  and  forgings. 

Traditional  quality  control  chart  theory  and  more 
elaborate  statistical  testing,  such  as  analysis  of  variance, 
were  integrated  into  computer  programs  to  produce  detailed 
quality  control  charts  and  summaries  of  data  analysis  and 
testing.  These  programs  were  integrated  into  a  quality 
control  system  to  allow  management  to  make  more  timely  and 
better  founded  decisions  on  accepting  castings/forgings  from 
vendors,  modifying  testing  plans,  and  modification  of 
material  specifications,  thereby  reducing  costs. 

The  testing  results  of  two  selected  parts  were  used  to 
verify  operation  of  the  programs.  Three  example  situations 
were  developed  to  demonstrate  the  system  decision  making  ; 
primarily  comparisons  of  vendor  and  Garret  testing  of  the 
same  casting  /  forging  and  /  or  comparing  different  vendors  . 
Further  improvements  were  discussed  and  recommendations  made. 


Although  the  system  was  designed  specifically  for  use 
by  Garrett,  it  could  be  used  by  statistically  experienced 
or  inexperienced  quality  assurance  personnel  in  other  firms 
and/or  manufacturing  disciplines  for  effective  data  analysis. 
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CHAPTER  1 


INTRODUCTION 

Background 

Controlling  the  quality  of  procured  hardware  is  a 
serious  quality  problem  that  companies  must  face  (31:611). 
Because  of  increasing  product  specialization,  most  indus¬ 
trial  and  business  concerns  have  found  it  necessary  to 
purchase  various  parts  and/or  subassemblies  from  a  number  of 
suppliers  (31:611).  Logically,  then,  when  a  company  does 
purchase  from  a  number  of  vendors,  some  means  of  evaluating 
the  individual  vendor  should  be  available.  The  basis  for 
this  evaluation  should  be  the  quality  of  product  being 
supplied  by  the  vendor.  This  report  details  an  application 
of  quality  control  theory  to  the  evaluation  of  individual 
vendors  at  the  AiResearch  Manufacturing  Company,  Phoenix, 
Arizona . ^ 

This  report  is  divided  into  five  chapters.  The 
remainder  of  this  chapter  describes  the  problem  to  be 


^AiResearch  Manufacturing  Company  is  now  known  as 
Garrett  Turbine  Engine  Company.  As  the  change  occurred 
subsequent  to  research  for  this  paper,  references  to 
AiResearch  have  been  retained  throughout.  Any  reference  to 
AiResearch  means  Garrett  Turbine  Engine  Company. 
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approached,  a  method  for  analysis,  and  goals  that  the 
project  will  attempt  to  fulfill.  Chapter  2  discusses  the 
basis  for  control  charts,  some  approaches  to  situations  that 
are  peculiar  to  the  problem,  and  previous  examples  of 
computerized  quality  control.  Chapter  3  presents  the 
computer  program  developed  as  a  problem  solution,  while 
Chapter  4  presents  two  test  cases  utilized  to  verify  the 
program.  Recommendations  for  further  study  and  a  conclusion 
are  included  in  Chapter  5. 

Problem  Statement 

AiResearch  Manufacturing  Company,  Phoenix,  Arizona 
(hereafter  referred  to  as  AiResearch),  receives,  on  a 
somewhat  regular  basis,  shipments  of  various  castings  and 
forgings  from  a  variety  of  manufacturers  (vendors)  for  use 
in  aviation  and/or  industrial  gas  turbine  engines.  Accom¬ 
panying  these  shipments  are  the  results  of  destructive 
testing  of  a  sample  of  the  castings  or  forgings  as  performed 
by  the  vendor.  These  results,  in  the  form  of  Certifications 
of  Compliance  (CERTs)  are  routed  to  the  Procurement  Quality 
Engineering  department  for  processing. 

In  order  to  chec]c  on  vendor  results  and  assure  that 
the  parts  are  acceptable,  additional  tests  are  conducted  by 
the  AiResearch  testing  lab  ("in-house"  testing).  The 
frequency  of  this  testing  is  included  in  the  design 
specifications  for  each  casting/forging.  A  sample  specifi¬ 
cation  is  included  in  Appendix  B.  The  results  of  these 


tests,  summarized  in  Chemical  and  Metallurgical  Reports 
(CMRs),  are  then  sent  to  the  Procurement  Quality  Engineering 
department. 

The  results  of  vendor  and  in-house  testing,  summarized 
in,  respectively,  CERTs  and  CMRs,  are  compared  to  the 
specification  minimum  values  and  to  the  vendors'  past 
performances  on  an  intuitive  basis.  There  presently  exists, 
at  AiResearch,  no  quick,  efficient,  economical  method  of 
comparing  a  particular  vendor's  current  product  with  his 
past  (historical)  performance.  A  number  of  people  in  the 
Procurement  Quality  Engineering  department  who  are  familiar 
with  a  specific  vendor's  product,  compare  the  present  test 
results  and  make  intuitive  judgments  on  the  reliability  of 
the  test  results,  and,  hence,  the  reliability  of  the 
vendor's  manufacturing  processes. 

Currently,  the  Quality  Assurance  and  various  Engineer¬ 
ing  departments  at  AiResearch  are  attempting  to  develop  a 
system  that  will  allow  them  to  compare  incoming  vendor  data 
with  the  past  historical  data  of  the  particular  vendor.  By 
analyzing  and  comparing  this  data  over  time,  changes  in  the 
process  that  would  be  detrimental  to  the  quality  of  the 
casting/forging  and,  likewise,  to  the  overall  engine  might 
be  detected  with  greater  accuracy  than  at  present. 

An  AiResearch  Office  Nemo,  dated  October  17,  1978 
(Appendix  A),  summarizes  the  method  to  be  used  to  develop 
the  comparison  system. 
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After  several  meetings/  the  subject  of  which  was 
the  analysis  of  vendor  generated  and  CMR  data/  it 
was  the  consensus  of  Materials  Engineering/ 
Quality  Assurance/  and  Manufacturing  Engineering 
personnel  that  the  use  of  control  charts  would  be 
the  best  method  ... 

Additionally/  this  method  of  analysis  is  to  be 
computerized  in  such  a  way  so  as  to  allow  people  with 
varying  degrees  of  skill  to  update  and  compare  data  from 
many  vendors.  This  will  also  allow  Quality  Assurance 
personnel  at  AiResearch  to  query  the  individual  vendor  to 
determine  if  the  manufacturing  process  has  been  changed  in  a 
manner  that  would  account  for  a  variation  in  test  data  from 
past  vendor  performance  or  if  another  cause  might  account 
for  a  noted  variation. 

Goals 

In  order  to  solve  the  problem  developed  in  the  above 
problem  statement/  two  main  goals  have  been  established  that 
this  project  will  attempt  to  fulfill: 

1)  A  quality  control  statistical  analysis  of  vendor 
and  AiResearch  data  is  to  be  automated  in  order  to  more 
efficiently  track  a  vendor's  performance  and  to  allow 
storage  of  data  to  be  both  more  flexible  and  less  space¬ 
consuming. 

2)  After  comparing  the  performance  of  a  specific 
vendor's  product  over  time,  the  need  for  the  current  testing 
level  is  to  be  evaluated  with  respect  to  predetermined 
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criteria  for  testing  frequency/  which  will  be  determined  as 
part  of  this  project.  If  testing  frequency  can  be  reduced/ 
the  product  specifications  for  this  vendor  can  be  changed  to 
reflect  the  reduction. 

If  these  goals  can  be  accomplished/  considerable  cost 
savings  may  be  realized  in  both  the  volume  of  testing  and 
the  amount  of  required  handling  and  analyzing  of  test 
results. 

Now  that  the  problem  has  been  defined  and  a  method  of 
analysis  proposed,  namely  statistical  quality  control,  it 
seems  appropriate  that  some  background  of  statistical 
quality  control,  particularly  control  chart  theory,  be 
discussed.  Chapter  2  describes  control  chart  theory  in 
sufficient  detail  to  justify  the  rationale  of  AiResearch 
personnel  in  specifying  control  charts  as  a  solution  to  the 
problem. 


CHAPTER  2 


QUALITY  CONTROL  CHARTS 

.  .  .  The  object  of  control  is  to  enable  us  to  do 
I  what  we  want  to  do  within  economic  limits. — W.  A. 

Shewhart  (27:356) 

Quality  Control 

Before  delving  into  the  intricacies  of  quality  control 

i 

charts,  an  understanding  of  what  is  meant  by  quality  and 
control  of  quality  is  necessary. 

[  Quality  may  be  defined  simply  as  the  level  of 

I  performance  of  a  product  in  fulfilling  the  expectations  of 

!  the  customer  (17:27).  In  order  to  effectively  measure  this 

"level  of  performance,"  many  of  the  engineering  and 
I  manufacturing  characteristics  of  a  product  may  be  con- 

\  sidered.  Product  quality  emphasis  has  in  fact  become  a 

leading  force  in  economic  growth  (10:22). 

Quality  control  had  its  beginnings  in  1924  when  Dr.  W. 
A.  Shewhart  of  Bell  Telephone  Laboratories  first  applied  a 
statistical  quality  control  chart  to  manufacturing  opera- 
.  tions.  During  and  following  World  War  ll  and  the  Korean 

War,  the  Department  of  Defense  widely  used  quality-control 
techniques  in  procurement  of  goods  and  services.  This 
influenced  the  quality-control  practices  used  in  industry. 
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Control  of  quality  Involves  two  major  aspects.  The 
first  is  measuring  the  product  characteristics  that  are 
significant  in  indicating  product  performance  and  analyzing 
this  data  to  determine  negative  trends  that  may  be  affecting 
performance.  The  second  aspect  involves  providing  correc¬ 
tive  action  to  offset  the  negative  trends  found  above. 
Corrective  action  may  be  applied  to  any  of  the  three  general 
stages  of  the  production  process  (Figure  2-1):  incoming 
materials,  components  production  or  final  assembly  (35:4, 
17:29) . 

Quality  control,  then,  is  accomplished  by  first  asking 
the  process  whether  its  average  or  central  tendency  has 
changed  and/or  whether  its  spread  (dispersion)  has  changed 
(25:35).  If  an  out-of-tolerance  condition  is  detected 
(where  tolerance  is  the  specified  spread  in  a  measurement), 
then  a  correction  is  applied  to  an  appropriate  area  of  the 
process  and  its  effect  in  bringing  the  condition  back  into 
tolerance  is  measured. 

A  moment's  reflection  will  indicate  that  quality 
control  is  only  as  good  as  the  data  it  generates  and  is 
useful  only  to  the  extent  that  management  can  understand  and 
use  the  information  provided  as  a  basis  for  decisions. 
Problems  arise,  however,  in  providing  the  data  in  terms  that 
management  can  understand  and/or  use  effectively. 

Fiegenbaum  (11:67)  and  Kirkpatrick  (15:11)  both  view 
quality  control  as  a  feedback  function  where  measuring, 
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analyzing r  and  planning  are  a  continuous  cycle.  Figure  2>2 
illustrates  and  stunmarizes  quality  control  as  a  feedback 
function.  Initiation  has  been  added  to  more  fully  represent 
how  a  quality  control  system  actually  operates.  While  most 
quality  control  efforts  begin  measuring  a  certain  character¬ 
istic  of  a  product,  it  should  be  remembered  that  any  of  the 
four  areas  may  serve  as  the  initial  action. 

Before  discussing  sampling  inspection  and  methods  of 
accomplishing  it,  the  involvement  of  statistics  in  quality 
control  should  be  addressed.  According  to  Fiegenbaum 
(11:39-40),  there  are  four  basic  statistical  tools  that  have 
had  a  profound  effect  on  quality  control.  These  tools  are: 


1.  The  frequency  distribution  of  particular  qual¬ 
ity  characteristics,  which  provides  a  graphic 
portrayal  of  the  quality  of  a  given  product.^ 
It  can  provide,  at  a  glance,  information  about 
the  average  quality  level,  the  distribution 
(spread)  of  the  quality,  and  how  the  quality 
compares  with  established  standards. 

2.  The  control  chart  of  quality  characteristics, 
which  provides  a  chronological  history  of  a 
product's  performance.  It  can  indicate, 
graphically,  negative  performance  trends  that 
would  detrimentally  affect  the  process  if  not 
corrected.  In  other  words,  it  can  be  used  to 
maintain  control  of  a  process. 

3.  Sampling  Tables,  which  yield  the  probable 
quality  of  a  given  number  of  product  units  (a 
lot)  when  the  proper  number  of  samples  are 
selected  from  the  lot.  Quality  of  material 


^Product,  when  used  in  this  paper,  refers  to 
any  process  or  device  that  is  the  result  of  a 
manufacturing  procedure. 


FIGURE  2-2: 

Quality  Control  as  a  Feedback  Function 


ANALYZING 
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either  received  or  produced  can  be  assured 
through  use  of  these  tables. 

4.  Specialized  methods,  such  as  analysis  of 
variance  and  other  techniques,  have  been 
adopted  from  the  general  body  of  statistics 
for  use.  These  techniques  can  be  used  to 
investigate  problems  in  a  process  or  for 
specialized  analyses  of  designs. 

Statistics,  along  with  other  tools  such  as  simulation 
and  information  systems,  form  a  powerful  means  of  solving 
quality  control  problems  that  exist  in  industry. 

Standards 

Standards  are  based  on  the  scale  of  measurements  used 
(such  as  inches,  millimeters,  pounds,  etc.)  and  on  the 
limits  of  acceptable  products  (25:112).  For  example,  a 
particular  shaft  in  a  mechanical  assembly  can  have  a 
diameter  of  0.245  in.  to  0.255  in.  without  having  a 
detrimental  effect  on  the  operation  of  the  assembly.  The 
limits,  0.245  in.  and  0.255  in.  in  the  example,  are 
frequently  referred  to  as  specifications.  They  are  (or 
should  be)  based  on  engineering  considerations  that  must  be 
met  in  order  that  the  product  will  perform  as  intended 
(  29:163) . 

In  other  words,  standards  and  specifications  define 
limits,  stating  how  far  (.005  in.  in  the  example)  from 
perfect  the  product  can  be  before  it  fails  to  be 


acceptable.  They  are  used  to  protect  against  all  objection¬ 
able  variations  and  are  set  up  for  any  or  all  of  the 
following  purposes  (25:112): 

a)  Ensure  interchangeability  of  parts. 

b)  Determine  the  difference  between  good  and  bad 
product  based  on  the  ability  to  function. 

c)  Determine  the  difference  between  good  and  bad 
product  based  on  the  expected  effects  of  aging 
and/or  usage  (reliability). 

d)  Determine  the  difference  between  good  and  bad 
product  based  on  the  aesthetic  appearance. 

Specifications  and  standards  also  serve  to  assure 
continuity  and  uniformity  in  the  evaluations  of  many 
inspectors  and  to  allow  the  management  group  to  ma]ce  the 
necessary  major  quality  decisions.  Setting  such  specifica¬ 
tions  compels  management  to  investigate  the  required  design 
needs  and  capabilities  and  to  make  a  decision  r  from  a  financial 
and  economic  standpoint,  between  the  high  cost  of  quality 
and  customer  satisfaction  (  27:113-4). 

In  other  words,  if  management  sets  specif ications/- 
standards  too  rigidly  (tightly),  the  product  will  probably 
perform  properly  but  may  cost  an  excessive  amount  to 
produce.  On  the  other  hand,  if  the  set  specifications  are 
not  rigid  enough  (loose)  the  production  costs  will  probably 
not  be  excessive,  but  the  product  may  not  perform 
adequately.  Such  important  decisions,  according  to  Samson, 
Hart,  and  Rubin  (25:113),  should  not  be  based  on  the 
recommendation  of  an  engineer  who  is  asking  twice  his  needs 
because  he  knows  he'll  get  half  of  what  he  asks;  nor  should 


they  be  based  on  the  request  of  a  production  manager  who  is 


asking  for  specs ^  twice  as  loose  because  he  knows  the 
engineering  department  will  tighten  them  anyway.  To  achieve 
the  desired  optimum  profit,  management  must  be  certain  to 
set  precise  standards  that  are  neither  too  tight  nor  too 
loose  to  ensure  the  product  will  perform  adequately  and  can 
be  produced  economically. 


Inspection 

For  some  industries,  it  is  necessary  to  inspect  each 
item  produced  and/or  received  from  a  vendor  to  identify  and 
reject  all  defective  items.  Such  100  percent  inspection 
accompanied  by  rejection  of  all  defective  items  is  termed 
"screening"  (30:10).  Inspection  of  this  type  is  the  only 
way  to  guarantee  the  rejection  of  all  defective  items  and 
only  defective  items.  Effective  screening  inspection,  how¬ 
ever,  requires  automatic  machinery  to  eliminate  the  human 
error  of  misidentif ying  good  items  as  defective  or  an 
inspector's  work  load  must  not  be  so  excessive  as  to  impair 

4 

accuracy  .  Suitable  machinery  is  costly  if  it  is 

available,  and  even  utilizing  a  human  inspection  system 
makes  screening  quite  expensive  in  personnel  and  time. 


^Specs  is  short  for  specifications. 

4 

A  statistical  study  conducted  at  Franford  Arsenal, 
Philadelphia,  indicates  very  clearly  that  the  percentage  of 
items  classified  erroneously  increases  sharply  with  the 
volume  of  inspection  (30:10). 


Additionally,  screening  rarely  is  able  to  eliminate  all 
defective  items.  Of  course,  if  the  quality  test  for  an  item 
is  destructive  (as  it  is  in  the  case  of  metallic  castings 
and  forgings),  screening  cannot  be  used. 

Screening  contributes  very  little  to  the  improvement 
of  the  quality  of  product  delivered  in  the  future;  there  is 
very  little,  if  any,  feedback  of  information  to  the  supplier 
(vendor)  since  only  rejected  items  are  returned.  One  can, 
thus,  tell  very  little  about  the  manufacturing  process  from 
a  screening  inspection. 

Inspection,  in  respect  to  control  of  product  quality, 
may  basically  be  defined  as  comparing  the  quality  character¬ 
istics  of  a  product  to  the  standards/specifications  applying 
to  the  selected  quality  characteristics.  This  is  done  to 
fulfill  one  or  both  of  the  objectives  of  inspection:  1) 
whether  material  produced  should  be  accepted  or  rejected;  2) 
whether  corrective  action  should  be  taken  on  the  production 
process  (25:55).  Inspection  cannot  improve  the  quality  of  a 
process  of  and  by  itself.  Rather,  the  corrective  action 
indicated  by  the  sampling  information  improves  quality  which 
can  reduce  costs. 

To  obtain  the  necessary  information  for  quality 
control  decisions,  an  acceptance  sampling  plan  is  usually 
employed  that  utilizes  an  inspection  by  attributes  (pass/ 
fail  plan)  or  an  inspection  by  variables  (measurement 
plan ) . 


Incoming  materials  should  conform  to  the  specifica¬ 
tions  and  tolerances  submitted  to  the  supplier  as  part  of 
the  purchase  order.  To  ensure  this  conformance,  acceptance 
sampling  of  each  shipment  (lot)  of  material  is  necessary. 
There  are  two  means  of  sampling,  according  to  Lester, 
Enrick,  and  Motley  (17:141): 

1.  Sampling  prior  to  receipt  of  the  purchased 
materials;  also  known  as  advanced  sampling. 

2.  Sampling  upon  receipt;  also  termed  on-arrival 
sampling  or  sampling  for  receiving  inspection. 

Advance  sampling  involves  the  vendor  sending  samples 
to  the  consumer  (or  the  manufacturer  in  the  case  of 
AiResearch)  or  the  vendor  conducting  tests  in  accordance 
with  the  manufacture-approved  procedures  prior  to  shipping 
the  lot  of  material  (both  apply  to  this  report).  The 
advantage  of  re-routing  or  refusing  a  lot  prior  to  delivery 
to  the  consumer  is  significantly  outweighed  by  a  number  of 
possible  events. 

1.  Contamination  or  other  damage  occurs  during 
transit. 

2.  An  overzealous  person (s)  at  the  vendor  ships 
pretested  samples  that  are  not  representative  of  the  actual 
lot  quality. 

3.  Unethical  practices  such  as  "salting"  (defective 
items  are  added  to  material  of  high  quality  level,  while 
keeping  the  percentage  of  defectives  within  the  limits 
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specified  by  the  consumer)  are  not  detected. 

On-arrival  S2unplin9  allows  random  selection  of  units 
under  the  user's  (consumer's)  quality  control  system,  but 
delays  using  the  items  immediately  while  saunples  are  being 
tested  and  until  acceptance  decisions  are  made.  Another 
drawback  is  that  the  consuiTier  imast  have  the  necessary  test 
equipment  or  must  contract  out  that  function. 

Whenever  possible,  samples  from  actual  regular  produc¬ 
tion  should  be  checked  for  their  conformance  to  specifica¬ 
tions.  The  data  obtained  from  these  samples  can  be  used  to 
develop  a  history  of  the  vendor's  (supplier's)  performance, 
according  to  Lester,  Enrick,  and  Motley  (17:146).  This  is 

quite  important  in  the  case  of  a  new  supplier,  since  it 
gives  the  consumer  an  appraisal  of  the  supplier's  ability  to 
meet  quality,  cost  and  delivery  requirements.  Vendor 
quality  histories  and  ratings  can  be  quite  effective  in  the 
long-term  monitoring  of  vendor  performance  and  can  be  used 
to  keep  acquisition  personnel  (i.e.,  purchasing)  current  on 
vendor  quality. 

In  some  cases,  it  may  be  beneficial  to  certify  a 
vendor  as  supplying  consistently  high  quality  product,  thus 
protecting  the  purchaser  from  unacceptable  product 
sources  and  reducing  the  need  for  inspection.  Swaton  and 
Weaver  (31:611-616)  advocate  a  program  for  acquisition  of 
castings  and  forgings  such  as  those  acquired  by  AiResearch. 
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Acceptance  sampling  plans  are  characterized  as  lot-by¬ 
lot  sampling  inspections.  In  this  type  of  inspection »  the 
product  is  divided  into  appropriate  inspection  lots  (for 
example r  the  number  of  items  poured  from  one  "melt"  of 
metal,  as  in  this  study;  the  number  of  items  produced  in  a 
day's  production,  etc.)  and  a  sample  or  samples  are  drawn 
from  this  lot  and  tested.  The  inspection  lot  is  then 
accepted/rejected  (sentenced)  on  the  test  performance  of  the 
selected  item. 

There  are,  of  course,  advantages  and  disadvantages  to 
acceptance  sampling.  There  is  a  possibility  that  good  items 
are  rejected  and,  since  not  all  items  are  inspected,  bad 
items  accepted.  In  other  words,  because  the  test  items  will 
follow  the  laws  of  chance,  the  result  of  their  testing 
occasionally  will  not  indicate  the  true  quality  of  the  lot. 
However,  if  the  acceptance  sampling  plan  is  well-designed, 
in  a  statistical  sense,  the  chance  of  this  happening  is 
greatly  reduced.  When  these  rislcs  are  balanced  against  the 
great  cost  savings,  sampling  inspection  will  generally  be 
preferred  to  screening  or  100%  inspection  (30:11).  In  the 
case  of  products  that  can  only  be  tested  destructively, 
acceptance  sampling  is  necessary  and  will  provide  protection 
against  accepting  more  than  a  very  small  number  of  low 
quality  lots.  That  acceptance  S2unpling  is  the  only  econo¬ 
mical  means  of  evaluating  products  requiring  destructive 


testing  is  the  opinion  of  authorities  in  the  field  of 
quality  control.^ 


This  author  found  it  interesting  that  AiResearch  had 
attempted  to  perform  a  screening  operation  on  all  vendor- 
supplied  castings  and  forgings  by  including  a  prolongation 
ring  in  the  specs  for  all  castings  and  forgings.  This  ring, 
cast  or  forged  into  the  incoming  products,  was  then  machined 
off  the  item  and  portions  of  it  subjected  to  destructive 
testing.  While  theoretically  sound,  this  screening  plan  did 
not  operate  effectively  because  the  properties  of  the 
prolongation  ring  could  not  be  correlated  with  those  of  the 
casting/forging  from  which  the  ring  was  cut.  Management  then 
decided  it  needed  an  economical  acceptance  sampling  plan  to 
ensure  that  quality  castings/forgings  were  being  placed  in  their 

engines. 


Inspection  by  Attributes 

Inspection  by  attributes  involves  subjecting  the  selec¬ 
ted  test  item  to  a  specified  level  of  the  chosen  testing 
characteristic.  As  a  rather  simplified  example,  let's  say 


management  wishes  to  test  vendor-supplied  steel  rods  on 
their  ability  to  hold  two-hundred  pounds  of  weight.  The 
acceptance  sampling  plan  might  be  to  divide  the  steel  rods 


^See,  for  instance,  Weatherill  (35:3),  The  Statistic¬ 
al  Research  Group  of  Columbia  University  (30:11),  and  Duncan 
(9:156),  among  others. 
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into  lots  of  one-bundred  and  randoinlv  select  5  for  testing 
(5%).^  The  inspection  by  attributed  for  this  plan  i#ould  be 
to  secure  one  end  of  the  test  rod  and  hang  two  hundred  pounds 
of  weight  from  it  (Figure  2-3) . 

If  three  or  more  of  the  five  rods  can  successfully 
hold  the  weight  without  breaking  (i.e.,  pass  the  test),  we 
accept  that  lot  of  one  hundred.  If  only  one  or  two  of  five 
pass  the  test,  we  reject  the  lot.  If  the  lot  is  rejected,  it 
is  sent  back  to  the  vendor. 

This  type  of  inspection  provides  more  information  to 
the  vendor  than  screening  each  rod  does  (he  has  the  whole 
rejected  lot  instead  of  only  the  rejected  ones),  but  the 
results  do  not  indicate  what  can  be  done  in  the 
manufacturing  process  to  improve  the  rods.  While  testing 
costs  are  substantially  reduced  (only  5%  of  all  rods 
submitted  are  tested,  versus  100%  in  a  screening),  there  is 
still  no  feedback  information  available  to  correct  the 
deficiencies  in  the  manufacturing  process. 


6 

The  number  of  test  items  selected  and  the  size  of 
the  inspection  lot  has  a  great  impact  on  the  economy  of  the 
test.  According  to  the  Statistical  Research  Group  of 
Columbia  University  (  3Cfc42),  the  operating  characteristic 
(OC)  curve  of  a  sampling  plan  (to  be  discussed  later  in  this 
report)  depends  on  the  number  of  items  selected  per 
inspection  lot;  the  higher  the  number  the  better  the 
protection  plan  gives  against  rejecting  high-quality  and 
accepting  low-quality  lots.  However,  the  total  cost  of 
inspection  depends  on  the  percentage  of  submitted  products 
that  are  inspected  since  both  a  large  number  of  items  is 
desired  in  each  sample  (for  good  protection)  and  a  small 
percentage  of  items  is  desired  (for  low  cost),  it  follows 
that  large  inspection  lots  are  required.  The  lot  size 
chosen  for  this  example  was  done  so  arbitrarily  and  may  be 
assumed  to  be  the  most  economical. 


FIGURE  2-3 


Testing  Apparatus 
For  Test  of  Steel  Rods 
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Inspection  by  Variables 

If  a  characteristic  (variable)  can  be  measured  upon 
which  the  quality  (or  acceptance)  of  an  item  depends#  it  may 
be  possible  to  operate  an  inspection  by  variables  (35:32-3). 
The  advantages  of  this  type  of  inspection  system  over  an 
inspection  by  attributes  include  the  following,  as  discussed 
by  Fetter  (12:19),  Samson  ^  al.  (25:73)  and  Duncan  (9:156), 
among  others: 

a)  Fewer  items  must  be  inspected  to  give  the  same 
degree  of  assurance  regarding  acceptance/rejection.  This 
method,  hence,  is  less  costly  than  100%  inspection. 

b)  It  provides  quic)c  feedbaclc  of  information  for 
diagnosis  and  correction  of  process  quality  control  defi¬ 
ciencies. 

c)  Since  the  decision  to  accept  or  reject  a  "lot"  of 
material  (the  batch  or  group  of  product  of  size  "n"  that  is 
submitted  for  testing  [30:4]^)  is  based  on  a  measurement  of 
a  chosen  quantity  rather  than  on  a  discrete  (pass/fail) 
test,  the  proper  weight  is  given  to  each  item  being  tested, 
in  order  to  make  a  decision  on  (sentence)  the  lot.  Rather 

7 

This  type  of  inspection  plan  is  also  referred  to  as 
acceptance  sampling  by  measurements  and  variables  sampling, 
among  others,  in  the  literature  (12:8,  :102,  3:64,  et 
^. ). 

Q 

In  the  case  of  castings/forgings  the  lot  size  is 
that  number  of  items  made  from  one  "pour"  of  molten 
material. 


than  base  the  decision  on  a  set  number  of  test  items 
passing/failing  a  minimum  (or  maximum)  level  as  in  attribute 
sampling r  variables  sampling  bases  the  sentence  on  the 
probable  behavior  of  the  remainder  of  the  lot  as  determined 
by  measurement  of  the  chosen  property  of  the  test  items 
(castings/forgings) . 

There  are  disadvantages,  too,  such  as  the  higher  cost 
of  inspection  (especially  instrumentation),  the  greater  time 
usually  required,  and  the  more  complex  computations  in¬ 
volved.  These  are  outweighed,  however,  when  the  inspection 
is  destructive  as  is  the  case  in  this  situation. 

This  type  of  inspection  is  accomplished  by  measuring 
quality  along  a  scale  (17:120).  Such  measurements  might  be 
in  inches,  centimeters,  degrees  of  temperature,  )cilograms 
per  square  inch  of  yield  point,  etc.  The  procedure  would  be 
to  talce  a  sample  of  size  "n"  of  a  particular  property,  and 
compute  a  statistic  of  the  sample,  for  instance  the  mean 
(average),  and  then  compare  it  to  an  accepted  standard 
usually  expressed  in  terms  of  limits.  If  the  mean  falls 
within  the  limits,  that  particular  lot  of  material  from 
which  the  sample  of  size  "n"  was  drawn  is  accepted.  If  not, 
it  is  rejected. 

One  of  the  basic  assumptions  of  a  variables  inspection 
plan  is  that  the  distribution  of  measurements  of  the  chosen 
characteristic  is  approximately  normal.  Burr  (5:563-568), 
Owen  (21:454),  and  Rossow  (24:135)  conducted  research  that 


»tii  iin,i'«u»ii.»ufupi!.»'v^  n.»i»i  ■■nji  im 
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indicates  variables  sampling  plans  (in  particular  IT  and  R 
control  charts)  remain  useful  unless  the  normality  assump¬ 
tion  is  severely  violated.  Berthoex,  Hunter  and  Pallesen 
go  on  to  add: 


It  is  fortunate,  however,  that  even  when  the 
standard  assumptions  are  seriously  violated  and 
the  simple  (quality  control)  charts  can  no  longer 
be  used  quantitatively,  they  may  nevertheless 
still  provide  useful  qualitative  information (4  d39) 


Operating  Characteristic  (PC)  Curve 
According  to  Duncan  (9:147),  the  power  of  a  sampling 
plan  to  discriminate  between  good  and  bad  product  is 
revealed  by  its  operating  characteristic,  or  OC,  curve  as  it 
is  termed.  This  curve  shows  how  the  probability  of 
accepting  a  lot  varies  with  the  quality  of  the  material 
offered.  Another  way  of  saying  this,  stated  by  Kir)cpatrick 
(15:184)  is  that  an  OC  curve  describes  the  probability  of 
accepting  (the  null  hypothesis)  for  various  -values 

(alternate  hypothesis)  for  a  fixed  risk  factor 0('.  ® 

An  assertion  about  carries  the  risk  Ot  of  making  a 
wrong  decision;  the  null  hypothesis  being  incorrectly 
rejected  when  nothing  has  been  introduced  into  the  process 
to  change  the  value  of  the  statistic  (for  example, ^^). 


8  ^ 

Of*  probability  of  rejecting  a  lot  of  material  even 
though  it  has  an  acceptable  quality  level;  a  selected  risk 
factor.  R  »  probability  of  accepting  a  lot  of  material 
even  though  it  has  an  unacceptable  quality  level;  a  selected 
risk  factor.  Burr  (6:402). 
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This  according  to  Belz  (3:169-170),  Walpole  and  Myers 
(33  :228-230),  and  others,  is  a  Type  I  error,  or  an  error 
of  the  first  kind,  it's  probability  being  Ok:'.  A  mathematical 
function  which  indicates  the  probability  01  of  rejecting 
for  various  values  of  the  parameter  under  consideration  is 
called  a  power  function,  and  a  graph  of  the  function  is 
called  a  power  curve  (15:92).  error  of  the  second  kind, 

or  Type  II  error,  arises  when  nothing  is  said  about 
although  the  value  of  the  statistic  (jU^  in  the  example 
above)  has  changed.  In  other  words,  accepting  the  lot  even 
though  it  is  not  good.  This  error  has  a  probability  ^ 
(3:170,  33:230-231).  An  operating  characteristic  (OC)  func¬ 
tion  is  a  mathematical  expression  stating  the  probability 
of  accepting  a  process  (or  lot)  as  a  function  of  the 
population  (or  lot)  parameter.  If  the  parameter  is  the  mean 
(or  average)  and  (null  hypothesis)  is  (see  Figure 

2-4 )  and  the  process  is  to  be  accepted  when  the  sample  mean 
falls  between: 


Xj^  ®  Lower  limit  for  means 
and 


Xjj  *  Upper  limit  for  means 


then  the  OC  function  is 


/9^)=  Pr  (Xl^  X  *  Xu|)U)  =  f(.x)dx 

An  operating  characteristic  curve  graphs  the  OC  function  and 
is  thus  one  way  of  summarizing  a  process  (or  lot)  acceptance 


Operating  Characteristic  (OC)  Curve 
In  Definitional  Form 

e 

(probability) 

1  -  0( 


fJ-o  Ml  M 

Operating  Characteristic  (OC)  Curve 
In  Definitional  Form 

|-j^;  (null  hypothesis)  (CT^  •'^nown) 

|-|^ ;  (alternate  hypothesis)/!  =  M i  ^  Mo 

jJL  -  mean  of  population  Qf  ^  P(reject  HqI/Zs/Iq) 

/!^»  null  hypothesis  value  P (accept 

/!| «  alternative  hypothesis  value 
(7)(”  standard  deviation 

This  curve  describes  the  probability  of  accepting  H.  for 
various  values,  for  fixed  Q^and  n  (15:184). 
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sampling  plan.  In  quality  control  work  the  OC  curve  is 
customarily  used  versus  the  power  curve.  The  two  curves  are 
related  through  selection  of  the  null  hypothesis  (H^)# 

however.  If  is  that  the  lot  is  good,  one  rejects  the  lot 
when  rejecting  the  hypothesis,  and  the  operating  characteristic 

curve  is  the  power  curve  inverted.  On  the  other  hand,  if  the 

hypothesis  is  that  the  lot  is  bad,  one  accepts  the  lot  when 
rejecting  the  hypothesis,  hence  the  two  curves  (power  and 
OC)  are  identical  (8:92).  This  is  presented  graphically  in 
Figure  2-4. 

While  the  operating  characteristic  (OC)  and  the  OC 
curve  are  used  to  design  sampling  plans,  they  are  also  the 
best-known  devices  for  judging  the  efficacy  of  a  control 
chart  (8:257).  The  use  of  OC  curves  to  describe  quality 
control  charts  will  be  developed  later  in  this  report. 

Quality  Control  Charts 

As  stated  previously,  quality  control  information  is 
useful  only  if  management  can  understand  and  use  the 
information  as  a  basis  for  making  decisions.  The  most 
comprehensive  display  of  quality  information  is  attained 
through  use  of  quality  control  charts. 

A  control  chart  is  a  statistical  device  princi¬ 
pally  used  for  the  study  and  control  of  repetitive 
processes.  .  .  .  Shewhart  suggests  that  the 
control  chart  may  serve,  first,  to  define  the  goal 
or  standard  for  a  process  that  .  .  .  management 
might  strive  to  obtain;  second,  it  may  be  used  as 
an  instrument  for  attaining  that  goal;  and  third, 
it  may  serve  as  a  means  of  judging  whether  the 
goal  has  been  reached  (9:337). 


the  industrial  process  (see  Figure  2"-l)  to  improve  quality. 
In  any  product  or  process  some  variation  in  quality  is 
unavoidable.  The  theory  behind  the  quality  control  chart 
originated  by  Dr.  W,  A.  Shewhart  is  that  this  variation  can 
be  divided  into  two  categories,  random  variation  and 
variation  due  to  assignable  causes  (35:42).  Assignable 
causes  are  those  over  which  we  have  some  degree  of  control. 
Random  variation  is  the  result  of  many  complex  causes  over 
which  we  have  little  or  no  control. 

The  basic  idea  of  a  Shewhart  control  chart^*^  is 
simple.  Groups  of  size  "n"  are  drawn  from  a  process  (or 
from  incoming  lots  of  material)  at  regular  intervals  and 
measurements  of  some  statistic(s)  of  quality  are  made. 
These  measurements  are  plotted  as  ordinates  on  a  chart 
provided  with  a  center  line  (the  average)  and  a  pair  of 
parallel  control  lines  (the  upper  and  lower  control  limits), 
as  in  Figure  2-5.  This  provides  a  chronological  graphical 
comparison  of  actual  product-quality  characteristics  with 
control  limits.^ ^ 

^^Throughout  the  literature  the  term  control  chart  is 
used  to  describe  the  Shewhart  control  chart.  The  author, 
throughout  the  remainder  of  the  report,  will  do  likewise. 
See  Burr  (6:92)  and  (7:29). 

’  Control  charts  can  be  developed  for  both  measurement 
sampling  plans  and  attribute  (go/no  go,  pass/fail,  etc.) 
plans.  This  report  will  deal  primarily  with  the  measurement 
control  chart  although  in  most  cases,  the  same  procedures 
apply  for  either. 


FIGURE  2-5 
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Theoretical  Basis  of  Control  Charts 


X  =  Value  of  measured  statistic 
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Computer-produced  control  charts  to  be  developed  in  this  re¬ 
port  are  of  the  following  theoretical  basis: 
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Suppose,  for  example,  that  one  statistic  (variable)  is 
measured  by  testing  an  item.  Assume  that  this  variable  is 
normally  distributed  under  a  state  of  statistical  control. 
The  presence  of  assignable  causes  of  variation  would  then 
show  up  on  the  data  as  variation  outside  the  usual  range 
(usually  ilO’of  the  average — this  will  be  discussed  later) 
for  a  normal  variable.  This  can  usually  be  attributed  to  a 
change  in  either  ^  or  0“  of  the  normal  distribution  for  the 
measured  variable.  Thus,  plotting  estimates  of  the  popula¬ 
tion  mean  (x)  and  standard  deviation  (  s)  from  the  sample 
group  n  can  be  used  to  determine  if  the  process  (or  lot  of 
incoming  material)  is  "in"  or  "out  of  control"  (35:43).  If 
all  points  fall  within  limits,  the  process  is  probably  "in 
control."  If  not,  the  reverse  is  probably  true. 

The  question  of  normally  distributed  data  was  ad¬ 
dressed  earlier  in  this  report,  and  must  be  mentioned  again. 
Control  chart  theory  assumes  that  the  distribution  of 
observations  (measurements)  is  approximately  normal.  Even 
if  the  population  of  observations  is  somewhat  non-normal, 
the  distribution  of  means  of  observations  of  sufficient  sample 
size  drawn  from  the  population,  will  exhibit  nearly  normal 
behavior  according  to  the  central  limit  theorem  (12:47) .  The 
normal  curve  drawn  on  the  left  of  the  ordinate  axis  of  Figure 
2-5  represents  the  distribution  of  all  samples  talcen. 
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Figure  2-5  is  representative  of  the  distribution  of  all 
samples  taken. 

The  center  line  of  a  control  chart  for  a  statistic 
corresponds  either  to  a  given  value  or,  more  commonly,  to  an 
estimate  (perhaps  an  average)  obtained  from  observed  data. 
The  control  lines  (or  limits)  are  placed  symmetrically 
relative  to  the  center  line  at  distances  based  on  the 
estimated  standard  deviation  of  "z,"  where  “z"  is  the  value 
of  a  random  variable  having  the  standard  normal  distribu¬ 
tion;  z  =  (x-yU  )/0'  (18:105-6,  487).  Shewhart,  based  on  his 
experience,  chose  3  times  (B=3)  the  standard  deviation  of  z 
for  his  charts,  yielding  the  term  "three-sigma  limits" 
(3:293-4).  The  choice  of  a  factor  to  use  for  setting  up 
control  limits  depends  on  the  amount  of  risk  (or  cost)  in 
looking  for  an  assignable  cause  when  none  is  present  and  the 
cost  of  not  looking  for  an  assignable  cause  when  one  is 
present.  The  use  of  "three-sigma  limits"  is  predominant 
practice.  Under  many  situations,  other  values  may  apply. 

Figure  2-6  indicates  the  effect  varying  the  value  of  B 
has  on  risk.  The  tighter  control  limits  presented  by  B  =  2 
represents  a  5%  risk  of  rejecting  a  lot  (and/or  declaring  a 
process  out  of  control)  when  only  variation  due  to  chance 
exists.  This  may  be  acceptable  if  cost  of  rework/replace¬ 
ment/adjustment  is  low,  but  may  not  if  costs  are  high.  Two- 
sigma  limits  may,  however,  be  used  as  warning  limits  to 
indicate  an  approach  to  the  control  limits.  The  question  of 
how  many  points  must  be  outside  the  control  limits  for  the 
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FIGURE  2-6 


Effect  of  Change  of  Proportionality  Factor  (B) 
on  Control  Limits 


Normal  Curve 

68%  of  observations 
will  be  within  un¬ 
shaded  area. 


^  95%  of  observations 
will  be  within  un¬ 
shaded  area. 


99.73%  of  observa¬ 
tions  will  be  within 
unshaded  area. 


^  99.8%  of  observa¬ 
tions  will  be  within 
unshaded  area. 


process  (or  lot)  to  be  "out  of  control"  is  of  interest. 
Cowden  (8:155)  indicates  that  according  to  research  con¬ 
ducted  by  the  American  Standards  Association  there  is  strong 
evidence  that  a  process  is  out  of  control  if  at  least  2  of 
35 »  or  at  least  3  of  100,  points  of  the  control  chart  fall 
outside  the  3-sigma  control  limits. 

Because  of  lack  of  knowledge  of  the  exact  distribution 
of  the  population  from  which  samples  are  taken,  significant 
reliance  cannot  be  placed  on  precise  probability  calcula¬ 
tions  for  determining  if  a  process  is  in  control  and  the 
control  chart  should  be  considered  only  a  diagnostic  device 
with  final  judgments  (sentencing)  relying  on  other  statis¬ 
tical  techniques.  Cowden  (8:155)  suggests  the  following 
indicators  of  lack  of  control. 

1.  One  point  far  outside  a  control  limit. 

2.  Several  points  close  to  a  control  limit. 

3.  A  peculiar  pattern  or  arrangement  of  points, 
even  though  none  is  close  to  a  control  limit. 

The  type  of  control  chart  to  be  used  is  based  on  a 
number  of  factors.  These  include  the  sizes  of  the  sample 
and  overall  populations,  whether  standard  deviation  is 
known,  and  whether  or  not  there  is  a  natural  grouping  of 
product,  such  as  shift  change,  crew  change,  a  certain  number 
of  items  in  each  shipment,  as  in  the  case  being  studied  in 
this  report,  a  certain  number  of  items  produced  from  a 
"melt"  of  materials,  or  tests  being  taken  out  of  multiple 
positions  of  a  single  test  object. 
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Recalling  basic  probability  and  statistics  indicates 
that  the  arithmetic  mean,  X,  is  the  most  significant  single 
statistic  that  can  be  used  to  describe  a  distribution 
(25:8).  This  indicates  that  a  control  chart  tracking  the 
average  of  measurement  over  time  would  be  of  great  value. 
Such  a  chart,  however,  gives  us  no  indication  as  to  how  such 
measurements  vary  about  the  mean  or  average.  There  must  be 
relative  uniformity  of  variation  and  an  absence  of  variation 
beyond  the  limits  allowable.  Of  the  numerous  available 
measurements  of  variability,  the  most  commonly  used  in 
quality  control  according  to  all  references  are  the  standard 
deviation  (or  variance)  and  the  range,  the  difference 
between  the  highest  and  lowest  values.  Which  of  these  to 
use  is  an  item  of  contention  among  sources.  Lester  (17:53) 
advocates  the  use  of  range  for  n  (number  of  observations  in 
the  average)  <  10.  Cowden  (8:249)  recommends  use  of 
standard  deviation  for  n  >  12,  as  does  Duncan  (9:401),  while 
Samson,  Hart  and  Rubin  (25:9)  state  the  range  is  a  suitable 
statistic.  This  is  due  to  the  significant  effect  sample 
size  has  on  the  range  since  there  are  more  chances  for 
extremely  high  or  low  values.  The  standard  deviation  is 
only  negligibly  affected  by  sample  size.  The  range  can  be 
used  as  a  relatively  stable  measure  of  variability  when  one 
can  average  a  series  of  ranges  (17:301).  The  simplicity  of 
the  R-chart,  a  plot  of  the  range  of  each  data  set  used  to 
determine  X,  however,  is  recognized  by  all  sources  and  all 


advocate  use  of  it  to  make  less  complicated  explanation  to 
managers  and  other  control  chart  users. 

While  charts  for  individual  measurements  can  be 
constructed,  they  are  not  normally  used  in  industry  (8:226). 
Such  charts  can  provide  "something*  from  such  meager  data  as 
measurements  taken  once  a  day,  a  week,  a  year,  etc.,  that 
would  require  an  extensive  period  of  time  to  assemble  a  data 
base  for  means  (X)  (6:263).  They  can  also  be  used  as  aids 
in  interpreting  control  charts  for  means  and  ranges  by 
indicating  a  cause  for  a  mean  to  go  out  of  control  limits 
and  if  items  have  exceeded  specification  limits  while  the 
mean  (average)  has  stayed  within  the  limits.  Such  charts 
must  be  carefully  interpreted  if  the  process  (or  lot)  shows 
evidence  of  marked  departure  from  normality  as  they  are 
quite  insensitive  to  shifts  in  the  process  mean  according  to 
Nelson  (20:172-3)  and  Duncan  (9:400). 

All  control  charts  are  based  on  tests  of  hypotheses 
and  the  probability  of  accepting/rejecting  these  hypotheses. 
The  X -control  chart  provides  a  good  example  of  this  as 
presented  by  Kirkpatrick  (15:188-189): 

Hq  (null  hypothesis):  fX^llo 

(alternative  hypothesis):  *^/Uo 

The  following  relationships  apply: 

1.  If  is  true,  the  X  ^ -population  of 

measurements  is  distributed  with  meanjU.^ 
and  variance  Q  ^ 


2. 


All  possible  samples  of  size  n  from  the 
Xi “population  generate  an  -population 
or  mean  values  where  ^ 


X 


n 


3. 


4. 


Thus,  if  H.  is  true,  the  X^-population 
i|  distributed  with  meanyUo  variance 
0^  • 

If  the  X  j^-population  is  normal,  the  Xj- 
population  is  normal.  If  the  Xj^ -popula¬ 
tion  is  not  normal  and  the  sample  size  n  is 
sufficiently  large,  the  X j-population  is 
approximately  normal . 


If  is  a  random  variable  normally  distributed  with 
mean^Q  and  variance  then 

“  0.9973  (1) 

and 

“  ^j^Mo  +  “  0.9973  (2) 

Probability  (2)  is  the  basis  for  the  X-control  chart 
shown  in  Figure  2-7.  The  ordinate  axis  indicates  Xj-values. 
The  abscissa  axis  indicates  seunple  numbers  1,  2,  ...,  j, 

...,  k.  The  lower  control  limit  (LCD  corresponds  to  11^-3 
Q’j^and  the  upper  control  limit  (UCL)  to^Q+3jj. 

Thus  the  X  chart  is  a  hypothesis  test  where 
Hq;  process  in  control  at  quality  level fJL^ 

P(reject  Hq,  true)  *  0.003. 

In  some  cases,  fixed  values  for  the  mean  (or  center) 
line  and  control  limits  of  a  control  chart  are  provided  or 
at  least  the  standard  deviation  and  mean  are  known  and  used 
to  construct  the  control  chart.  This  method  is  usually 
applied  to  data  from  a  process  that  has  a  long  history  of 


number 
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being  in  control.  In  the  case  of  this  research,  these 


population  parameters  are  not  available  and  the  recent  past 


data  will  be  used  to  estimate  these  values.  As  Burr  states 


(6:112),  "We  let  the  process  do  the  talking."  The  control 


limits  and  center  line  can  then  be  determined  using  these 


estimates.*^ 


For  the  X-chart,  consider  a  variable  (measurement)  "X* 


that  is  assumed  to  be  normally  distributed  (discussed 


previously  in  this  chapter)  with  mean  "jj"  and  variance 
Samples  of  uniform  size  "n"  are  taken  at  regular  intervals 


and  the  sample  mean 


is  taken  to  be  used  as  the  charted  statistic.  Since  by 


assumption 


X  is  N(^,a/^) 


the  control  chart  is  specified  by  a  center  line  at  ordinate 


value 


X  =  i;  E  X 

X  j=l  J 


k  usually  25 


•^^Burr  (6:112-3),  Kirkpatrick  (15:190-1),  Belz  (3:299- 
300),  Fiegenbaum  (11:257-8),  ASTN  Manual  STP  15D  (1:81-2), 
et  ai.  present  similar  developments  and  elements  of  all  used 
here. 
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and  two  control  limits  at 

X  t 

As  discussed  earlier,  the  sample  range  can  be  used  as 
an  estimate  of  the  variance  of  the  sample.  An  adjustment 
can  be  made  to  bring  the  sample  range  closer  to  Scunple 
variance  by  application  of  coefficient  d2  that  is  dependent 
on  sample  size.  The  average  range  is  multiplied  by  l/d2  to 
yield  an  estimated  standard  deviation 

a=  R/d2 

and  the  control  limits  may  be  written 

X  ~  3  ^2  =  X  *  A  R 

where 

Tables  of  the  values  A2  and  other  values  to  be  used  are 

found  throughout  the  literature. 

Range  charts  were  used  due  to  the  lack  of  historical 

data.  Sample  standard  deviations  could  be  used  to  estimate 
variance  in  place  of  range  if  more  data  was  available. 

The  limits  for  the  range  control  chart  also  utilize 
coefficients  to  make  their  calculation  simpler  with  R^  and 
0^ unknown: 

^^Two  comprehensive  tables  for  values  up  to  n*25  can  be 
found  in  ASTM  STP  15D  (1:135-5)  and  Burr  (7:486). 
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E(R)  B  expected  value  of  R  -  R 
deviation  of  ranges  ®  d3C’  «  d^CJ. 


The  control  limits  are 


E(R)  1  aOi-  “  R  +  3  d3a' 


=  R  t  3 


d^  R 


=  D^R  and  D3R 
^3 

D.  =  1  -f  3  ^  and 
4  d^ 


^  3  ;r 

3  d^ 


where 

Just  as  the  range  was  used  to  estimate  the 
estimated  process  standard  deviation  for  developing  control 
chart  limits,  it  can  be  used  to  develop  operating 
characteristic  (OC)  curves  for  each  control  chart.  When  the 
process  is  normally  distributed,  as  we  have  assumed,  we  can 
derive  an  OC  curve  for  an  R-chart  that  is  independent  of  the 
mean  of  the  process.  The  OC  function  for  the  X-chart, 
however,  is  dependent  on  both  the  mean  and  the  standard 
deviation  of  the  process.  The  OC  curve  for  the  R-chart 
will,  then,  be  developed  first. 

For  example,  consider  an  R-chart  with  3Cj^  limits  as 
previously  defined.  Let's  assume  N-4  and  values  were 
determined  for  the  UCL(R)  and  LCL(R).  For  any  given  value 
of  0(  the  probability  that  a  sample  value  of  R  is  between 
LCL(R)  and  UCL(R)  is  to  be  determined.  Thus,  the  probabil¬ 
ity  of  detecting  a  shift  in  O'  is  yielded  by  the  difference 
between  the  probabilities  that  R  will  be  less  than  the 
LCL(R)  and  greater  than  the  UCL(R),  and  this  difference  can  be 
plotted  to  construct  the  OC  curve.  The  central  line  of  the 
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ifjV 

<4 


R-chart  is  R,  and  the  control  limits  are,  as  previously 
determined,  D^R  and  D3R  or 


+  ^ 

R  -  3  -3 —  =  R  -  3dJJ 

d-  3 


The  process  standard  deviation  can  also  be  used  to  develop 
R-chart  control  limits,  if  known. 


UCL  =  D.  R 
4 


LCL  =  R 


»  E(R)+30r  =  E(R)i3d20' 


E^)  =  d. 


»  1(R)  =  djCT 


These  lead  to 

control  limits  =  ^2^-  3d^CT  =  CJ(d_  i3d^) 


-  and  D^O” 


since  =  (d2“3d3)  and  D2  =  (d2+3d3). 

Since  Pj.(R  is  between  LCL  and  UCL)  =  Pj.(^is  between  LCL^ 
and  VCL/(J  )  and  since  a  determination  if  the  new^  is 
indicating  a  shift  inC  is  being  sought,  the  relation 
between  (J and  (7  ^C/^)  is  of  interest. 


Set  the 

3-sigma  LCL  * 

and 

3-sigma  UCL  =  D2C" 

LCL/C-  -  Di 

and 

UCL/(7  .  Dj 

Now  let  W  »  R/Q"  and  the  probability  statement  becomes  P^(R 
is  between  LCL  and  UCL)  «  P^(W  is  between  y^and 

A  different  OC  function  must  be  determined  for  each 


sample  size  and,  since  for  n  (sample  sizeX?,  0^=0,  only  the 


probability,  for  different  values  of  (J t  that  R  is  below  the 

UCL  is  of  interest.  Selecting  various  ratios  ^  and 

referring  to  a  chart  of  values  of  selected 

14 

probability  points  yields  Table  2-1.  Plotting  these 
yields  Figure  2-8. 

The  OC  curve  for  the  X  chart  is  derived  in  a  similar 

15 

manner.  We  assume  that  (J  remains  constant,  and  compute 
the  probability  that  a  sample  X  will  fall  within  the  control 
limits  as  a  function  of  the  process  average  jj,  or  X'.  Assume 
also  that  (J^Q'  the  value  used  when  constructing  the  chart. 
Then,  when  X'  equals  the  standard  for  the  chart  (X  or  X", 
when  given  or  determined  from  past  history) 

(  X  -  +  30-)  =  0.9973 

when  X'  shifts  to  either  ^-3^  or  5+3^ ,  the 

Pj.  (X  -  X;  «  X  +  20')  =  0.50 

In  general,  if  X'  shifts  to  S+kC,  the  probability  of  a 
point's  (Xj^)  falling  within  the  control  limits  will  be  the 
probability  of  a  normal-distributed  variable's  falling  above 
X+k^-X-30'*(  lt-3  )0"*  So,  if  k=2,  we  have  P  =  ProbtX>-l)  =  1- 
Prob^Z>l)  =  0.84  and  if  k=4,  Prob{Z>l)  =  0.16.  This  leads 


^^See  for  instance  Duncan  (9:614). 

^hf  &  is  variable  then  the  OC  function  is  dependent 
on  both  fJi  and  O  and  the  function  must  be  represented  by  a 
surface  versus  a  curve.  Research  indicated  that  variation 
hence,  U  and  O’ remain  constant.  This  topic  is  treated  by 
Duncan  (9:309-315),  Cowden  (8:270-275)  et  al. 


FIGURE  2-8: 


OC  Curve  for  R-chart  (n  =  4) 
(3-sigitia  control  limits,  =.003) 


Hq  :  (null  hypothesis)  (J -  O' 

:  (alternate  hypothesis)  0*^0 

”1 

(7  =  standard  deviation  of  population 

=  estimated  standard  deviation  of  population 
^  =  P  (accept  HqJ  0^  ^  ) 

This  curve  charts  the  probability  of  accenting  H^^or 
various  H, -values,  in  terms  of  the  ratio  of  Q"  to  Q" 
for  0^=0.003  and  n=4  (8:268-9)  . 


(ratio) 


to  Table  2-2  and  Figure  2-9^^  (9:308-9). 

A  control  chart,  then  is  essentially  an  analytical 
picture  of  the  distribution  of  the  mean  and  of  the  variation 
over  time.  Numerous  researchers  and  authors  have  developed 
or  refined  computer-generated  quality  control  charts  and,  no 
doubt,  many  others  have  developed  control  chart  programs  for 
personal  computers.  Berthoux,  Hunter  and  Pallesen  (4:139- 
149)  developed  and  are  utilizing  computer-generated  charts 
to  monitor  Wisconsin  Sewage  Treatment  plants.  Sawyer 
(25:391-395)  used  computer-generated  control  charts  in  a 
systems  approach  towards  raw  product  analysis  (RPA).  This 
approach  utilizes  the  computer  to  analyze  data  to  determine 
out-of-limit  conditions  and  to  produce  X  and  O’  plots  for 
those  out-of -limit  situations.  Reliability  engineers  ana¬ 
lyze  the  output  to  determine  causes.  The  aim  of  this 
analysis  is  the  achievement  of  process  stability.  These  two 
examples  indicate  that  more  accurate,  up-to-date  quality 
control  information  can  be  made  available  for  management 

decisions  through  the  use  of  the  computer  to  meet  the  goal 

1 7 

of  any  quality  control  program:  quality  assurance  (12:6). 

^^See  Cowden  (8:258-9)  for  another  method  of  plotting 
the  OC  function  for  means. 

l^This  term,  quality  assurance,  has  come  to  mean  the 
total  set  of  operations  and  procedures  included  within  the 
production  system  whose  goals  are  conformance  of  product 
output  to  design  specifications. 


TABLE  2-2 


OC  of  Control  Chart  for  X 
Given:  3  sigma  control  limits 
O'  is  constant 


k* 

1 

/? 

0 

0.9973 

1 

0.9772 

2 

0.84 

3 

0.50 

4 

0.16 

5 

0.0228 

6 

0.0027 

*k  *  number  of  sigmas  ( (J ) 


One  of  the  most  interesting,  to  this  author,  of 
available  quality  control  chart  programs  is  one  developed  in 
1969  by  Thayer  and  Storer  at  the  Western  Electric  Company 
Engineering  Research  Center  (16:149-152).  It  provides  for 
reading  individual  sample  values,  computing  the  averages  and 
control  limits,  and  printing  of  these  values  on  vertical 
(versus  the  horizontal  presentation  of  Figure  2.7).  This 
program  will  be  explained  further  in  Chapter  3  of  this 
report  and  applied  to  the  solution  of  the  problem  as  stated 
in  Chapter  1. 


V 


CHAPTER  3 

PROBLEM  SOLUTION 

What  you  see  is  what  you've  got. — ANONYMOUS 

Data  Identification  and  Selection 

Data  was  available  from  AiResearch  for  both  their 

testing  (CMR  data)  and  for  each  of  the  vendors  (CERT  data). 

This  data  was  screened  and  sorted  with  respect  to  extent  of 

past  history#  correlation  between  vendor  and  AiResearch 

data,  number  of  samples  taken  from  each  test  item,  and  type 

of  item  (casting/forging).  The  screening  indicated  that  in 

some  cases  only  one  sample  was  taken  from  a  test  item,  while 

in  others  there  were  multiple  samples  taken.  This,  after 

reviewing  the  literature,  indicated  two  separate  approaches 

were  required  to  satisfy  the  research  goals,  as  stated  in 

Chapter  1;  one  approach  for  the  multiple-samples  case,  and 

another  for  the  single-sample  case.  Two  parts  with  data 

histories  of  minimally  adequate  length  were  selected  for 

study;  part  No.  3072112  (multiple  samples)  and  3072316 

(single  samples).  Data  on  these  two  parts  was  assembled 

18 

from  manual  files  to  be  used  as  test  cases. 
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See  Table  3-1  for  typical  data. 
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Specification  Review 


In  order  to  determine  the  performance  of  the  items »  a 


knowledge  of  the  specifications,  as  established  by  AiRe- 


search  was  required.  This  was  accomplished  by  ordering  the 


applicable  specifications  from  the  AiResearch  specification 


library.  These  are  summarized  in  Table  3-2. 


Program  Development 


Screening  and  sorting  of  the  extensive  amount  of 


manual  testing  data  available  indicated  the  need  for  a 


computerized  (digital)  file  system  that  could  rapidly 


retrieve  individual  data  and  be  compatible  with  the  quality 


control  charting  program  that  the  author  envisioned.  Review 


of  process  approval  requests  from  numerous  vendors  and  the 


interoffice  memos  approving  these  requests  indicated  that 


numerous  vendors  could  supply  any  one  part  and  would  be 


required  to  submit  test  results  in  accordance  with  the 


specifications.  Thus  files  for  test  results  of  a  part  would 


have  to  include  two  separate  files  for  each  part  for  each 


type  of  test  for  both  the  vendor  and  AiResearch.  This  was 


accomplished  by  assembling  the  data  for  each  test  into  two 


files,  one  for  the  vendor  CERT  data  and  one  for  the 


AiResearch  CMR  data.  They  were  labeled  respectively: 


See  Appendix  B  for  copies  of  specifications 


See  Appendix  B  for  copies  of  these. 


yyyM^y, 


Specification  Minimum  Mechanical  Properties 
for  Selected  Part  Numbers^ 


TEST 


ROOM 


TEMP 


TENSILE 


Ultimate 

(psi) 

Yield  (0.2%) 
(psi) 

Elongation 
(%  in  4D) 

Reduction 
of  Area 


3072112 _ 3072316 

Astroloy _ Waspalo^ 


A 


170.000 

130.000 


B 


175.000 

120.000 


6 

6 


12.0 

15.0 


SOURCES 


AiResearch  Spec.  No.  EMS  55388 
AiResearch  Spec.  Mo.  EMS  55389 
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3072112 *VENDOR. 

3072316 *VENDOR. 

and 

3072112  *CMRARESRCH . 

3072316  *CMRARESRCH . 

and  were  formatted  to  include  identification  of  test  type 
and  particular  data,  the  vendor  (for  the  CERT  files) dates 
the  data  covered,  the  part  No.,  and  particular  assembly 
(engine)  it  belonged  to,  the  number  of  test  items  (forgings) 
and  the  number  of  samples  taken  from  each  item,  the  format 
the  data  is  presented  in,  and  the  specification  minimxim 
value.  The  data  for  each  tested  property  is  listed  by  test 
item  (forging)  number  and  position  from  the  test  item 
(forging).  Data  from 

3072112  *CMRARESRCH . 
is  presented  in  Figure  3-1. 

Reference  to  AiResearch  specification  EMS  52476  para 
1.4.1  defines  a  forging  lot  in  terms  of  two  classes  (I  and 
11).  These  are  dependent  on  item  size  as  only  so  much  of 
the  alloy  can  be  processed  in  a  "heat"  from  which  billets 
are  poured  prior  to  forging.  In  the  case  of  both  selected 
test  items,  about  one  hundred  (100)  items  can  be  made  out  of 
a  "heat"  of  material^^  and,  as  the  forging  dies  have  a 


^^This  information  was  gathered  from  personal  inter¬ 
views  with  AiResearch  personnel  during  the  period  Feb-Sept 


1979. 
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FIGURE  3-1 

Data  from  307211 2*CMRARESRCH 
For  Room  Temperature  Tensile  Tests-Yield 

("s"  indicates  "space") 


LINE 

1  ROOM*TEMP.  aTNSILEsTESTS-yiE[DssLM)ISHsPACIFIC(l/77T010/78)CMRBnMA 

2  Sl3s3 

3  FC»MAT(l5.3fl0.2) 

4  130 

5  s2164ssl33.9ssssssl34.7sssssl35.4 

6  ss395ss134.4ssssss135.0sss8s129.4 

7  s2382ssl38.9ssssssl38.3sssssl38.9 

8  82361ss135.6ssssss140.6sssss134.1 

9  s3004ssl30.43ssss8l34.8ss8ssl32.4 

10  s34438s133.08SSS8s135.3s8S8s132.7 

11  sl011ssl33 . 6ssssssl34 . 4sss8sl34. 6 

12  s10488s133.3s8SS8s136.6sss8s132.4 

13  8s8008s139.1ssssss138.78SSSs135.7 

14  s3337ssl33.4ssssssl35.4sssssl32.4 

15  83368ss134.4ssssss134,488SSs130.3 

16  s30408s132.6ssssss135.8sssss131«2 

17  83046ss132«2s8Ssss132«28SSSs132.6 
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limited  life,  only  about  33  can  be  made  consecutively, 
yielding  3  lots  of  approximately  33  items  from  one  heat  of 
material.  The  number  of  lots  are  used  to  analyze  individual 
(single)  tests  of  an  item  to  be  discussed  later. 

ASTM  STP  15D  (1:97)  indicates  that  the  data  in  the 
situation  being  investigated  might  be  approached  in  two 
ways : 

1)  If  there  are  more  than  one  observation  per  batch  (for 
instance  three  samples  tested  from  each  test  forging,  as 
in  the  case  of  part  No.  3072112)  and  the  variation 
within  the  forging  (i.e.,  between  the  three  tests)  is 
considered  small  in  relation  to  the  variation  between 
the  batches  (the  forgings  in  this  case),  then  the 
average  of  the  observations  can  be  treated  as  an 
individual  observation  (x).  Such  an  approach  requires 
caution  because  of  the  within-batch  and  between-batch 
effects  that  may  exist.  This  situation  readily  fits 
into  the  normal  control  chart  situation  (x  and  R) 
described  in  Chapter  2.  Grouping  the  measurements  for  a 
single  test  item  is  a  rational  approach  since  it  is 
logical  to  assume  that  any  variations  within  such  a 
group  (or  subgroup  as  it  might  be  termed)  would  be  due 
on  engineering  grounds  to  non-assignable  chance  causes, 
but  that  between  the  groups  (subgroups)  the  differences 
(variations)  may  be  due  to  assignable  causes  whose 
presence  is  suspected  or  considered  possible  (1:76). 


•j  w'*;  w"; 


M  111(1  y  ^  u  ij  ^11  j  j  y  *  ^  ^  iH 
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This  assumption,  since  there  is  little  knowledge  of  the 
population,  is  subject  to  testing. 

2)  In  the  instance  of  individual  measurements  (where  only 
one  test  sample  is  taken  from  each  test  item  (forging)), 
the  use  of  control  charts  for  individual  measurements  is 
of  benefit.  Of  particular  interest  is  grouping  the 
individual  measurements  into  subgroups  of  a  rational 
size  and  utilizing  these  subgroups  to  determine  range 
values  for  calculation  of  control  limits,  i.e.  giving 
some  indication  of  population  variation  (1:76).  Predi¬ 
cating  the  selection  on  previous  discussion  in  this 

22 

chapter  leads  to  n  =  3  as  the  rational  subgroup  size. 

Thus,  the  use  of  quality  control  charts  are  of  value 
in  analyzing  the  data,  thereby  verifying  the  decision 
reached  by  AiResearch  personnel  (Chapter  1)  and  indicating  a 
quality  control  system  that  is  outlined  in  Figure  3-2. 
Analysis  of  this  QC  system  indicated  the  need  to  fulfill  the 
following  program  requirements. 

Two  basic  programs  were  required,  the  first  (Program 
A)  being  a  program  to  transform  the  historical  data  (test 
results),  either  individual  measurements  or  group  data  into 
required  statistical  values  such  as  mean  (X,  X  or  R),  control 
limits,  squares  of  differences,  averages,  etc.,  test  the 


22 

This  could  be  termed  a  type  of  "Grand  Lot"  scheme  of 
sampling  with  the  sublots  (of  approximate  size  33) 
regarded  as  part  of  the  larger  lot  of  100  (6:347). 


FIGURE  3-2 


Casting/Forging  QC  System  Flow  Chart 

{  begin) 


A  indicates  program 
B  indicates  program 


/Calculate  Grouped | 
Control  Chart 
Statistics 


'produce  Grouped 
Control  Charts 
(X  and  R) 

I 


Perform 
Other  Statistical 
Tests  to  Determine 
Feasibility  of 
eliminating  Toting 


/Using  Grouped 
Range  Value,  Produce 
Individual  Value 
vChart  (X-chart) 


Verify  Situation 


under  Study  is 
In  Control  ^ 


YES 

Compare  Vendor 
and  AiResearch 
Testing^ 


(  Produce  X- 
yR-  Control  C 

and 

harts 

Plot  All  Data 
Points  &  Specified 
Minimum  Value 


NO 


Continue 
Testing  and/or) 
Find  Cause 


(certify  Vendor^)p - ^ 

(continue) 


^Computer  program  to  calculate  statistics  for  quality 
assurance  (QA)  personnel. 

^This  manual  operation  performed  by  QA  personnel. 
^Program  A  is  the  QC-chart  program  in  this  report. 
^Program  B  is  the  T-star  program  in  this  report. 


data  for  correctness  in  assumptions  such  as  equality  of 
means,  variances,  etc.,  and  present  it  in  traditional  quality 
control  chart  form  for  rapid  management  assimilation  and 
decision  making.  The  type  of  charts  to  be  presented  include 
and  R-charts. 

The  second  program  (Progr£un  B,  Figure  3-2)  was  to  test  the 
hypothesis 


Vendors  Testing  Results  s  Company  Testing  Results 

Through  use  of  an  appropriate  test,  such  as 


where  T*  *  T  -  distribution  statistic 

n  =  number  of  paired  observations  (Test  items) 
2 

S,  =  variance  of  the  differences  = 
an  n 

- 

n(n  -  1) 

*  individual  pair  differences 


t 

i»l 


n 


mean  difference 


If  =  degrees  of  freedom 


d  =  tested  difference  =  0 
o 


/ijj=  mean  of  the  population  of  differences 

®o*  Md  “  ®o  *  ®  this  case 


or  the  individual  and  multi-measurement  situations 


alike 
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Assume  samples  are  dependent  and  paired  as  they  are  in 

our  case^  since  they  come  from  the  same  casting. 

These  programs  would  also  have  to  produce  statistical 
data  to  enable  rapid,  accurate  calculation  of  the  manual 
testing  necessary. 

Other  requirements,  requested  during  interviews  with 
AiResearch  personnel  (27:1,  36:1),  included  making  the  system 
comprehensive  and  effective,  but  not  overly  complicated,  so 
that  personnel  at  any  corporate  level  could  load  data,  exe¬ 
cute  the  program,  and  make  simple  changes  as  the  situation 
warranted.  In  this  way,  meaningful  data  could  be  presented 
to  the  head  of  the  Quality  Assurance  Section  for  decision 
making  and  further  analysis  to  include  calling  for  further 
testing,  vendor  certification,  elimination  of  testing,  etc. 

The  selection  of  a  computer  language  for  writing  the 
programs  was  explored.  Three  factors,  a  thorough  under¬ 
standing  of  the  language  by  AiResearch  personnel  and  the 
author,  adequate  computer  facilities,  and  previous  programs 
for  plotting  control  charts,  led  to  the  selection  of  FORTRAN 
IV. 

Initially,  the  program  for  plotting  x-  and  R-  charts 
developed  by  Thayer  and  Storer  (16:149-152)  was  evaluated 
for  use.  While  it  performed  well  at  figuring  the  required 
statistics  (X,  5,  control  limits)  and  plotting  the  values, 
it  had  little  flexibility  and  could  not  perform  any  more 
detailed  statistical  tests.  To  alleviate  this  shortcoming, 
attempts  were  made  to  utilize  this  program  along  with 


statistical  programs  that  were  available  on  the  AiResearch 
computer.  The  data  transformation  between  the  two  programs 
was  a  monumental  task  and,  after  repeated  attempts,  this 
approach  was  abandoned  in  favor  of  devising  a  program  or 
programs  that  would  fit  logically  and  efficiently  into  the 
QC  system  that  was  outlined  in  Figure  3-2. 

The  main  program  (Figure  3-3)  was  written  as  a 
"command"  program  to  read  the  data,  identify  and  classify 
it,  and  direct,  according  to  its  classification,  that 
certain  operations  be  performed  on  it  by  means  of  various 
subroutines.  The  subroutines  were  titled  according  to 
function  and  are  listed  below  with  a  brief  descriptive 
statement  of  that  function: 

CHARTS:  Produces  X-,X-,  and  R-  charts 
SCALE:  Provides  scaling  values  for  CHARTS 

SORTS:  Sorts  values  to  find  highest  and  lowest  of 

each  subgroup 

ASTATS:  Determines  the  sample  average,  subgroup 
averages  and  sample  standard  deviation  of 
the  input  data 

VALPLT:  Plots  test  results  from  multiple  positions 
on  each  casting/forging,  if  this  situation 
exists.  It  labels  each  point  with  the 
position  in  the  casting/forging  from  which 
the  test  sample  was  taken. 


FIGURE  3-3 


Flow  Chart  of  QOC-MUN  (Main  Program)^ 


(  Begin  ) 


INPUT: 

Conmon  Statements 
Dimension  Arrays 
Data  l^le  for  Control  Lindts 


GROUP  DAIA 


Read  Data  Groip  / 

r~^ 


y/virite  Data  Groupy^ 


(ASmTS) 


GET  GROUPED  STATISTICS 

i 


Perform  Analysis  of 
Varianoe  Calculations 

z 


(ANALVR) 


/ WRITE  RESULTS 


7 


Produce  Grovqped  S-  and 
R-charts  for  3-,  2-,  and 
1-  (7  control  limits 


Produce  Individual  Values 
Chart  with  X-chart 


Produce  X-  and  R- 
Cliarts  for  3-,  2-,  and 
1-  O'  control  limits 

i  _ 

(CHARTS) 

Produce  Plot  of 

All  Sairple  Values  and 
^>ecified  Miniimm  Value 

(VAIRLT) 


-HcownNUEV 


^Subroutine  names  are  indicated  in  parenthesis  to  the  right  of  block 
requiring  them. 


ANALVR:  Analyzes  the  test  data  for  equality  of  means 
and/or  variances  so  that  a  determination 
concerning  continued  testing  frequency  can 
be  made.  Note:  This  is  a  general  analysis 
of  variance  that  can  be  used  for  other 
applications. 


Main  Program 

The  main  program  is  charted  in  Figure  3-3.  As  stated 
previously,  it  functions  as  a  "command"  program  to  handle  the 
data.  Initially  it  identifies  the  data  as  being  individual 
measurements  or  grouped  measurements.  For  individual  mea¬ 
surements  it  directs  that  these  be  grouped  in  three's  (n  = 
3,  as  determined  above),  necessary  statistics  and  control 
limits  be  calculated,  and  the  grouped  X-  and  R-  charts  be 
produced.  A  final  treatment  of  the  individual  measurement 
data  is  to  plot  the  individual  data  on  an  X -chart  using  the 
grouped  X  and  control  limits. 

In  the  case  of  the  grouped  data,  the  main  program 
directs  that  the  basic  statistics  be  calculated,  an  analysis 
of  variance  (ANOVA)  be  calculated  (to  include  a  One-Way 
ANOVA,  a  Two-Way  ANOVA,  the  Cochran's  test  of  variance 
homogeneity  statistic  ("G"),  (  8:159-160)  and  sufficient 
statistical  data  to  perform  the  Duncan  multiple  range  test 
(18:352-3)  ,  production  of  X-  and  R-  charts  and  a  plot  of 
all  the  data  points  for  each  test  casting/forging  along  with 
the  minimum  specification  va]  ve. 


fc.v5r5i*i*<*KW< 
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This  program  also  allows  for  input  of  control  limit 
values  if  these  are  known  from  past  history  and  for 
suppression  of  printing  of  means  and  ranges  if  the  user 
wishes  to  exercise  either  of  these  options. 


ASTATS 

Subroutine  ASTATS,  charted  in  Figure  3-4,  provides 
statistics  necessary  for  calculation  of  the  control  limits, 
mean  lines,  and  preliminary  values  for  analysis  of  variance. 
As  depicted  in  the  flow  chart  of  the  main  program  (Figure  3- 
3)  it  has  been  designed  with  some  inherent  flexibility  as 
shown  by  its  being  used  twice  for  producing  the  individual 
measurement  charts. 

Important  values  used  in  ASTATS  and  their  definitions 


SUM  =  Total  number  of  items  for  the  population  =  n. 


SlS^X 


SUNSQ 


SUBAR(J) 


k 

SUMX 


for  each  subgroup  J 


for  each  subgroup  J 


for  each  subgroup  J  =  X 


RANGE(J)  >  HlXj^  -  hOWL^  for  each  subgroup  J  »  Rj 


STOT 


n  k 


kk 


for  the  population  =  n*k 


XBAR  B  STOT/SUM  >  population  mean 


FIGURE  3-4 


Flowchart  of  QCC-ASTATS  (Preliminary  Statistics) 
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SQRTOT  c  for  the  population 

[(SUM)  (SQRTOT)  -  (STOT) ^  1  k 

— : — T"*: — - -  I 

(SUM)  (SUM  -  1)  J 

*  sample  standard  deviation  for  the  test 

population. 


CHARTS 

This  subroutine,  flowcharted  in  Figure  3-5,  plots  the 
data  values  desired,  either  x*  X,  or  R,  in  vertical  quality 
control  charts  to  include  control  limits,  average  value, 
minimum  spec,  value,  test  item  number,  statistic  value  being 
plotted  and  scale  values  used.  It  also  has  inherent 
flexibility  as  it  is  en^loyed  to  produce  3-,  2-,  and  1- 
sigma  control  charts  and  can  handle  user-specified  limits 
when  applied. 

Important  values  used  in  CHARTS  and  their  definitions 
include 


NNDEV 

* 

Desired  control  limit  O’  (sigma) 

RBAR 

R 

UCL 

= 

Range  Chart  Upper  Control  Limit 

= 

D4R 

BCL 

s 

Range  Chart  Lower  Control  Limit 

= 

D3R 

XBAR 

= 

X 

UCLL 

= 

X  -  Chart  Upper  Control  Limit  = 

X 

4  A2R 

BCLL 

= 

X  -  Chart  Lower  Control  Limit  = 

X 

-  A2R 

SP2, 

DIV,  SB  s  Scaling  factors  for  R  chart 

SPl.  DIVI,  RAl,  B  Scaling  factors  for  S-  or  X-  chart 


FIGURE  3-5 


Flow  Chart  of  QCC-Charts 
(Plotting  of  X-,  and  R-Charts) 


FROM  QCC  MAIN 


-■(begin) 


^INPUT: 


TO  QCC  MAIN 


Cbininon  Statements 
Dimension  Arrays 
DATA  for  Plotting 


I 


/ WRITE  TITLE 7 

1 


Get  Scale  Values 


I 


SCALE 


Set  up  matrix 
line-by-line  to 
store  chart  plots 
and  values. 


L 


WRITE  CONTROL  CHARTS 


-^return)* - 1 
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SORTS 


This  subroutine  is  used  to  find  the  largest  and 
smallest  values  of  the  subgroup  mean  and  range  to  use  in  the 
CHARTS  subroutine.  It  merely  sorts  through  the  subgroup 
ranges  and  means,  comparing  them  initially  to  the 
intentionally  high  and  low  values  and  continues  to  reset  the 
values  as  it  finds  larger  and  smaller  values.  This  short 
subroutine  has  good  flexibility  as  it  can  sort  through 
either  range  or  mean  data,  and  is  vital  to  the  program  as  a 
whole.  No  flow  chart  is  presented  here,  but  detailed  flow 
charts  of  the  main  program  and  all  subroutines  are  available 
in  Appendix  C. 

SCALE 

This  subroutine  determines  the  scale  to  be  used  for 
the  36-space  width,  respectively,  of  the  X-  and  R-charts. 
It  does  so  by  utilizing  the  high  and  low  values  from  the 
SORTS  subroutine  to  determine  the  scale  and  the  values  that 
divide  the  scale  into  thirds.  For  example,  say 
L  *  Low  Value 
H  »  High  Value 

then  the  scale  would  have  to  cover 
H  -  L  «  scale 

The  values  to  divide  the  scale  in  thirds  would  be 
L  +  ((H-L)/3)  and  H  -  ((H-L)/3) 

This  subroutine  also  has  the  flexibility  to  be  used  with 
either  means  or  ranges  and,  with  slight  modification,  to 


divide  the  scale  into  whatever  increments  the  user  desires. 
Again,  no  flowchart  is  presented  here;  for  a  detailed  one, 
see  Appendix  C. 

VALPLT 

Subroutine  VALPLT  is  a  specialized  derivative  of  the 
CHARTS  subroutine  that  produces  a  plot  of  the  test  value  of 
each  tested  position  in  a  sample  casting/forging  and  labels 
each  value  with  the  positioi  from  which  it  came.  As  in  CHARTS,  it 
sets  up  a  line-by-line  array  to  print  out  a  chart  of  the 
values  within  the  101  available  spaces.  Because  it  is 
intended  to  supplement  the  3(-  and  R— charts,  it  does  not 
utilize  the  control  limits  but  only  the  minimum  specified 
value  so  that  the  user  can  detect  "below  specifications" 
individual  measurements  that  may  (or  may  not)  have  contri¬ 
buted  to  a  mean  or  range  value  being  "out-of -limits. "  While 
designed  for  the  specialized  case  of  tests  being  taken  from 
four  locations  in  the  test  forgings  of  part  number  3072112, 
it  is  easily  modifiable  to  meet  user  demands.  As  it 
resembles  CHARTS  closely,  with  the  exception  of  utilizing 
the  scale  values  determined  by  SCALE  through  CHARTS,  no 
flowchart  is  presented  here,  although  the  detailed  flowchart 
is  available  in  Appendix  C. 

ANALVR 

To  provide  statistical  calculations  that  were  not 
conveniently  obtained  through  available  statistical  pro¬ 
grams,  subroutine  ANALVR  (ANALysis  of  VeRiance)  was  designed 


to  provide  the  following: 


a)  Compute  statistical  values  for  One-Way  Analysis  of 
Variance  (ANOVA) 

b)  Compute  "F"  value  for  One-Way  ANOVA 

c)  Compute  "G"  value  for  Cochran's  test  for  homogene¬ 
ity  of  variances 

d)  Compute  statistical  values  for  Two-Way  ANOVA 

e)  Compute  "F"  values  for  Two-Way  ANOVA 

The  one-way  ANOVA  was  selected  to  test  the  hypothesis 


Ho'/^posj^  f"pos2 


=  M 


pos, 


f  or  i  =  1 ,  2 ,  .  .  n 

where  n  =  number  of  test  positions  in  a  test  casting/for¬ 
ging.  The  statistical  model  for  a  case  where  there  are 
different  treatments  (positions)  for  any  number  of  observa¬ 
tions  (test  casting/forging)  (See  figure  3-6)  can  be 
described  as  (18:337,  19:34,  et  al. ) : 

X^j  *  ith,  jth  observation 

+  T for  i=l,  2,  n  and  j=l,  2 . k 

r  J  X  ij 

where 


k  =  number  of  groups  (test  pieces) 
jJi  -  overall  mean 
T^=  effect  due  to  treatment 
6  *  random  error  component 

Since  the  treatment  (position)  observations  are  not 

random,  we  wish  to  determine  the  effect,  if  any,  of  position 

of  the  test  sample  in  the  casting/forging  or 

H  :  ...  »  “  0  (null  hypothesis) 

o  1  2  n 


observations 
replications 
(  j  -  1»  2, 


TABLE; 


SOURCE 

OF 

VARIATION 


Between 

trtments 

(positions) 


(with- 


with  •  Ti  0  for  at  least  one  "1"  (alternate  hypothesis) 

By  partitioning  the  total  variability  into  its  component 
parts,  the  total  corrected  sum  of  squares 


^^TOTAL 

n  k 

ss_  =  y  y 

T  itl 

X  2 
^ij 

(XTOT) 

where  N  = 

(n)*(k) 

)c 

TOT  = 

n  k 

A  ’■ij'  ='i ' 

I 

j=i 

’‘ij. 

can  be  expressed 

as 

SS  =  Sum  of  squares  due  to  treatment  +  sum  of  squares 
due  to  error 

n  (^i1) ^  _  (^TOT) ^ 

“  Z  N  + 

i=l 

SS^  =  +  ^®ERR0R 

“  ^^position  ^^error  (in  this  case) 

~  ^^Tr  ^  (see  19:36  for  derivation) 

andf  thus  ~  ^^Tr 

There  are:  a)  N  observations  (sample  values) 

b)  n  levels  of  treatment  ;>n-l  degrees  of  freedom 

c)  k  levels  of  replication  (test  castings  or 


forgings)  in  any  treatiMnt  (position)  ^  k-1  degrees  of 
freedom 
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d)n(k-l)  =  N  -  n  =  Total  degrees  of  freedom  for 
error 

A  theorem  proposed  by  Cochran  (19:37)  leads  to  the  conclusion 
that  under 


Tr/ 

— 

(n-1) 

Tr 

r  ~ 

®  ss 

N-n 

MSe 

where 

MSTr  = 

Mean 

square 

of  treatments 

MSe  = 

Mean 

square 

of  error 

follows  the  F(n-l)(N-n)  distribution  tables  which  can  be 
found  in  many  statistics  and  quality  control  texts  (18:490- 
491,  19:397-401,  and  others).  This  allows  us  to  see  if, 
for  various  confidence  levels  (various  levels  of  Of  ) »  the 
treatments  (positions)  are  the  same.  The  one-way  analysis 
of  variance  can  be  summarized  in  an  ANOVA  table  such  as  that 
in  Figure  3-6. 

There  are  occasions  when  a  single  point  falls  far 
outside  of  a  control  limit  and  the  user  wishes  to  determine 


if  such  a  point  is  too  extreme  to  be  attributed  to  chance. 
Cochran's  test  for  homogeneity  of  variances  (8:159-160)  com¬ 
pares  the  variances  as  estimated  by  the  standard  deviation. 
The  statistic  g. 


where  g 


largest  X‘ 

~  Z2 


sum  X 


largest  samiple  standard  deviation 
sum  of  all  sample  std.  devi-ations 


is  used  to  address 


/T  2  _  ^  2 

H  ,  :  0  =  o 


...  O'j  ' 


for  j  =  1'  2 


.  ,  k 


V*’ v'' ’  ''■Vv''*’  "  '  ■ 


o 


using  the  sample  standard  deviation  as  an  estimation  of 
variance.  Tables  of  g  for  Oi  =  .05  and  Of  =  .01  are  available 
(8:688).  This  statistical  tool  can  be  used  to  identify  bad 
samples,  "back-up"  the  range  chart,  and  eliminate  testing 
positions . 

The  two-way  analysis  of  variance  (ANOVA)  was  chosen  to 
test  both  the  treatment  and  block  effect  of  the  model. 

Xj^j  =  any  ith,  jth  observation 

j  =  /J.  /Sj  ^ij  i=l,2,...,n  and  j  =  1 , 2  ,  .  .  .  , 

where  k  =  number  of  blocks  (test  pieces) 
fj.  =  overall  mean 

n  =  niutiber  of  treatments  (testing  positions) 

Tj^  =  effect  due  to  treatment 
IS ^  =  effect  due  to  blocks 

=  random  error  component 

Theoretical  data  is  presented  in  figure  3-7.  The  two-way 
ANOVA  tests 

Hq  :  =72  =  ...  ~  ^ 

and 

”o  *  "  ^2  ^  "  ^k  ^  ^ 

against 


H-i  :  One  of  the  effects  ^  0 


i 

I 


By  partitioning  the  total  variability  into  its 
component  parts  as  was  done  in  the  one-way  analysis  of 
variance » 

®®TOTAL  “  “  ®®Treatment  ®®Blocks  ®®error 


r 

=  Z  (ly. 

i=l  n 


SS^r  +  SSbl  +  SSg 


(ly)  ^  +  (fiQT)  ^ 


j  +  (^1!^)^  +  (ibpT) 

+  ss„ 


and ,  thus 


SSp  =  SSm  -  (SSm^  +  SSrJ 


While  the  degrees  of  freedom  are  similar  to  the  one-way 
ANOVA,  there  are  differences: 

1)  Since  there  are  k  levels  of  blocking  k-1  degrees 
of  freedom 

2)  This  leads  to  the  error  degrees  of  freedom  of 
those  for  treatment  times  those  for  blocks  ^ 

(n-l)(k-l) 

3)  Treatment  degrees  of  freedom  «  n-1 
Total  degrees  of  freedom  >  N-1 

In  the  same  way,  the  "F”  statistic  for  the  one-way  ANOVA  was 
determined 


BL/(K-1) 
®E/(n-l) (k-1) 


mm 


% 


where  “  Mean  square  of  treatments 

MS^  =  Mean  square  error 

The  distribution  to  be  used  for  =  ^(n-1  ]^(n-l  )(k-l ) 

and  for  =  F(k-1  ),(n-l  Hk-1 )  various  levels  of 

confidence. 

Use  of  this  method  of  statistical  analysis  allows  not 
only  testing  for  treatments,  but  for  blocks  as  well. 

The  two-way  analysis  of  variance  is  summarized  in 
tabular  form  in  Figure  3-7.  Subroutine  ANALVR,  based  on  the 
aforementioned  equations  and  testing  statistics,  was  written 
to  provide  the  desired  values  in  a  usable  format.  This 
subroutine,  flowcharted  in  Figure  3-8,  has  the  capability  of 
being  used  in  numerous  situations  requiring  only  minor 
modification.  A  detailed  flowchart  of  his  subroutine  can 
be  found  in  Appendix  C. 

Some  important  variables  used  in  subroutine  ANALVR 
include : 


SQRTOT 
STOT 
TRT ( I ) 
TRM(I) 
BLK(J) 
SSPOS(I) 
TSDEV(I) 
SUMDEV 


Sum  of  all  values  squared 
Sum  of  all  values 

Total  of  values  for  each  treatment  (position) 
TRT(I )/n 

Total  of  values  for  each  block  (test  piece) 
Sum  of  squared  differences  for  each  treatment 
Treatment  sample  standard  deviation 
Sum  of  all  TSDEV(I) 


FIGURE  3-7 

Two-Way  Analysis  of  Variance  Data  and  Table 


Treatment  ( 1  =  1,2, 


Observations 

replications 

^11 

X21 

•  •  •  • 

(  j=l,  2, 

.  .  ,  k) 

Xi2 

•  •  • 

1 

X22 

•  • 

•  •  •  • 

•  •  •  • 

•  •  • 

=‘13 

•  • 

=‘23 

•  •  •  • 

•  •  •  • 

TABLE : 

SOURCE  OF 

SUM  OF 

DEGREES 

OF 

MEAN 

VARIATION 

SQUARES 

FREEDOM 

SQUARE 

Treatment 


Blocks 


Error 

Total 


(n-1) (k-1) 


FIGURE  3-8 
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DIFSQR(I)  «  Squared  difference  between  test  value  and 
average  value  for  each  position 


COCRNG 

Cochran's  "G" 

Highest  TSDEV(I) 

SUMDEV 

SSTR'^ 

- 

SSTr 

SSBLK 

- 

SSbl 

SSE 

- 

SSg  for  one-way  ANOVA 

SSE2 

SSg  for  two-way  ANOVA 

DFTRT  =  Treatment  degrees  of  freedom 
DFBLK  ®  Block  degrees  of  freedom 
DFTOT  =  Total  degrees  of  freedom 
DFERR  =  Error  degrees  of  freedom  for  one-way 
DFE2  *  Error  degrees  of  freedom  for  two-way 


AMSE 

MSjj  for 

one-way 

AMSE2 

= 

MSg  for 

two-way 

AMSTRT 

- 

MS^j. 

AMSBLK 

= 

MSfii 

F 

= 

Fq  for 

one-way 

F2TRT 

s 

F^^for 

two-way 

F2BLK 

= 

Fbi 

TSTAR 


In  order  to  test  the  hypothesis 

Vendors  Test  Results  *  Company  Test  Results  , 
a  program  was  written  to  take  manually-paired  data  from  both 
AiResearch  and  vendor  tests  of  their  respective  halves  of 


’mmm 
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the  test  forging/castings  and  perforin  the  "paired-T"  (or  T*) 
test  on  the  data.  This  program  is  flowcharted  in  Figure  3- 
9.  A  more  detailed  flowchart  can  be  found  in  Appendix  C. 
Like  subroutine  ANALVR  this  program,  TSTAR  has  considerable 
flexibility  as  it  is  not  dependent  on  the  main  program  for 
data  (although  it  could  be  used  as  a  subroutine).  In  this 
way,  any  paired,  dependent  data  could  be  tested  against  the 
null  hypothesis  discussed  previously. 

Some  important  variables  used  in  TSTAR  include: 

NG  =  ANG 

=  Number  of  data  pairs 
DMU  =  Value  to  be  investigated  by  testing 
VALCRT  =  Average  value  from  vendor  test 
VALCMR  =  Average  value  from  AiResearch  test 
DIFF(I)  =  VALCRT  -  VALCMR 
DIF2(I)  =  DIFF(I)^ 

TSTAR  =  T  used  to  test 
NDOF  =  Number  of  degrees  of  freedom 
SNMBR  =  Serial  number  of  casting/forging 

Proqreun  Testing 

The  two  programs  were  written  and  tested  using 
selected  data  from  testing  of  the  two  selected  forgings. 
Chapter  4  presents  the  results  of  testing  the  data  and 
discusses  their  compatibility  with  the  quality  control 
system  charted  in  Figure  3*'2. 
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FIGURE  3-9 

Flowchart  of  TSTAR 
(Paired-data  T-Test) 


/  WRITE: INPUT  DATA ~ 
/  DIFFERENCES  AND  (DIFFERENCES) ^ 

/  BETWEEN  PAIRS 

/  CALCULATED  T* 

I _ DEGREE  OF  FREEDOM _ 

/ -  • 


A  picture  is  worth  a  thousand  words — UNKNOWN 
Results  and  Discussion 

As  stated  previously,  two  forgings  were  chosen  based 
on  the  available  data  as  test  cases  for  testing  the 
capabilities  of  the  proposed  quality  control  system  in 
general  and  the  QC  charting/statistic  programs  derived  in 
Chapter  3.  In  order  to  present  the  test  cases  as  concisely 
as  possible,  only  one  test  measurement  (Tensile  test-yield 
for  part  No.  3072112  and  Tensile  test-ultimate  for  part  No. 
3072316)  will  be  used  to  demonstrate  the  capabilities  of  the 
programs.  These  were  selected  only  because  they  were  the 
first  data  sets  input  for  each  part  and  were  used  to  verify 
the  accuracy  of  the  program.  The  remainder  of  the  tests 
run  are  presented  in  Appendix  E  for  reference. 

Part  Number  3072112— 


Forged  Turbine  Disk  of  Astralov.  Condition  A 


TABLE  4-1 

Part  No.  3072112  Vendor  (CERT)  Data 
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•  •ROOf  TERP.TFNSIIE  TFST^-VIELC  L  * F  .P<IC ,  1 1  / 77  TO  b/79»  CERT 
—  3072lI2--TFr731  ERGINF  PA»T  CAT* 

12  4  0  0  0 


F0RMAT<15«(lF10.2) 
FOR*ATI 4A4) 
PO<;3Pos4Po<;spos7 


NOTE:  MOST  RECENT  DATA 

IS  AT  TOP  OF  THE 
TABLE . 


^ERML  B 


INPUT  r/IT*  PV  POSITION 


2237 

132. 2U 

133.90 

132.90 

133.20 

2164 

132.70 

137.90 

135.10 

134.30 

395 

135.90 

13  7.00 

132.70 

133.70 

2392 

1 37.60 

139.60 

14Q.7U 

139.10 

404 

1 37.20 

136.40 

135.50 

136.90 

2374 

139.50 

139.30 

142.20 

139.70 

3015 

135.60 

135.20 

130. 9P 

136.50 

3345 

139.90 

139.50 

137.50 

139.50 

9900 

136.40 

134.00 

135.90 

135.90 

3040 

133.30 

131.10 

131  .30 

135.70 

304  6 

1 32.30 

131.60 

131  .20 

136  .30 

3010 

144.30 

142.70 

141 .50 

140.20 

the 

AN  =  1  36 

.  21 

ST*NC  CFV  r 

3. 

SU«* 


6539. Oil 


S'J«  OF  SOJARFS  =  991047.99 


TABLE  4-2 
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Part  No.  3072112  CMR  Data 


**Rr>nn  TEI»P.  TfNSlLF  TFST<-''irLt  L»r-P»rTFir(l/77  TO  lf.*/79Jr*P 

C*T 

—  3072112--Trr73i  oaot 

!«  3  C  0  0 


F0PP/lTn5»3'^n.2) 
F0R»«TI 3*«) 
po<;3Po*;‘ior<;‘> 


NOTE:  MOST  RECENT  DATA 

IS  AT  TOP  OF  THE 
TABLE. 


«EoieL  u 


INPI'T  TfiT*  PY  PC^ITICN 


aifc'i 

1 33. 9f 

134.70 

135.40 

375 

1  34  .  MO 

135.00 

129. 4C 

2332 

133.90 

139. 3f 

138.90 

2361 

135.60 

14  0.60 

134.10 

30C‘J 

130.43 

134. 9C 

132  .4rt 

3«‘«  3 

133. CO 

1 3 5.30 

132 .70 

101  1 

133. 6C 

134.40 

134 .60 

lOM  3 

133.30 

13  6.60 

132. 4C 

90  0 

1 39.10 

139.70 

135.70 

333  7 

133.40 

1  3  5 . 4  ( 

132  .40 

336  9 

134.40 

13  4.40 

130.30 

3040 

132.60 

13  5.50 

131 .20 

304  6 

1 32.20 

1 32.2r 

13? .6L 

3010 

1  39.20 

139.9C 

136.50 

the 

r  134 

.  71 

cTalMr  HFV  r  2.69 

:  5657.73 

SM" 

OF  SO’J^OFS  =  762436.50 

Note  that  the  CERT  data  carried  4  testing  positions 
(3,  4,  5  &  7)  while  the  CMR  data  only  carried  3.  This  was 
due  to  AiResearch  only  conducting  (or  reporting)  tests  at 
three  locations  while  still  requiring  the  vendor  to  test  in 
four  locations.  Whether  this  was  a  transitory  event  that 
occurred  while  the  author  was  obtaining  data,  or  it  was  a 
standard  occurrence  (perhaps  the  vendor  was  working  under  a 
different  set  of  testing  specifications)  was  unclear. 
Another  item  of  note  is  that  there  are  14  test  samples  in 
the  CMR  data  covering  the  time  period  1/77  to  10/78  while 
the  CERT  data  contained  12  test  samples  covering  1/77  to 
5/79.  The  decision  was  made  to  continue  with  all  the  data 
available  to  see  if  it  gave  a  good  indication  of  the 
properties  of  the  populations. 

Also,  it  should  be  noted  that  the  results  of  the  most 
recent  testing  is  the  first  data  entry  with  older  data 
following.  Tables  4-3  and  4-4  present  the  analysis  of 
variance  calculations  performed  in  subroutine  ANALVR  in  the 
standard  tabular  format  as  presented  in  Chapter  3.  There 
are  significant  differences  at  first  glance  between  the  CMR 
and  CERT  data.  Initially,  it  might  be  supposed  that  the 
calculation  of  data  is  incorrect.  Reference  to  Appendix  F, 
however,  verifies  that  the  calculations  for  the  CERT  data 
are  correct,  making  it  comparatively  safe  to  say  that  since 
the  CMR  data  was  calculated  with  the  same  program  it's 
assumed  accurate. 


TABLE  4-3 
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Part  No.  3072112  CERT  ANALVR  Results 

ST*«lC»»n 


T9tA  TStNT 

T0T«L 

WFAMt 

SU»*  SQR  riFP 

CFV 

1  <P0S3I 

1635.90 

136.32 

13S.92 

12.63 

2 

1 636. 00 

1 36.33 

125.  31 

11.39 

3  «P0<5» 

162  7.20 

13*>.6u 

195. A9 

16.96 

«  «P0S7» 

1 639. 90 

1 36.57 

5«l.72 

9.97 

HIGH  STO.OEV. 

=  1 6 . 96 

TOTAL  All 

TREAT,  STr,  CFVS 

,  r95.96 

OAlF-WAV  A9ALV«is  OF  VAPJAfcrF 

RESULTS 

NULL  HTPOTHESIS  = 
alternate  hvpoth. 

•LL  TREATMENT  «EAN«:  FOUAI 
r  ALL  TPFATWFNT  «EANS  NOT  EQUAL 

^Ol'RCE 

CFCRf^' 

OF 

FPEEFOM 

su** 

OF 

SOUAPFS 

4FAN 

SQUARE  F 

«A«PIE  POSITION 

3. 

6.406 

2.135  .196 

ERROR 

49. 

504 .469 

11  .465 

total 

47. 

510.975 

COCHRAN’S  EOUALITr 

OF  VARIANCES  statistic  "r;*  =  .  2677 

4  =  12 

NULL 

ALT. 

hvpoth.  =  ALL 
HVPOTH.  =  ALL 

"1  OC  V 

P|  nr«r 

variances  are  equal 
Variance'  are  not  equal 

N  r  4 

TUO-UAV  ANALVSIS 

OF  variance  results 

NUr  L  HVPOTHESIS  = 

1 ) 
2  ) 

ALL  TPEATNENT  HEANS  ARE  EQU»l 

ALL  PLOCV  MEANS  ARE  EQUAL 

alternate 

HVPOTH, 

3 

1)  ALL  TREAT.  HEANS  ARE  NOT 

2)  ail  PLOCK  means  ape  NOT 

FQUAl 

EQUAL 

SOURCE 

CEGRFFS 

OF 

FREEfO" 

SUH  lEAN 

OF  SOUARE 

squares 

F 

SANPlt  POSITION 

3. 

6.406  2.135 

.695 

CAST. 

/fORU.  NO. 

11. 

41)3.055  36.641 

11.923 

ERROR 

33. 

1U1.414  3.L73 

TOTAL 

47. 

510.975 

NOTE:  BOTH  TWO-  ANO  ONE-WAY  ANOVA  INFORMATION  PROVIDED  TO 

SHOW  SYSTEM  CAPABILITY.  ONE-WAY  ANOVA  SHOULD  ONLY 
BE  USED  IF  IT  IS  KNOWN  THAT  BLOCKING  EFFECT  (CAST./ 
FORG.  NO.)  EFFECT  IS  NEGLIGIBLE. 
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Part  No.  3072112  CMR  ANALVR  Results 


TREiTSEMT 

TOT  at 

SEAN* 

SW  SOR  CIFF 

STARCARC 

CC¥ 

1  «P0S3» 

1SSS.03 

139.57 

95.30 

7.33 

2  <P05R1 

1905* 10 

136.09 

67.00 

9.15 

3  »P0S5» 

186S.60 

133.47 

95.59 

6.99 

HIGH  STO.OEV. 

=  7.33 

TOTAL  ALL 

TREAT.  STC.  1 

CEVS.  :19.0T 

OME-UAY  ANALYSIS  OF  VARIANCE 

RESULTS 

NUIL  HYPOTHESIS  = 
ALTERNATE  HYPOT*<. 

ALL  TRFATPENT  NEANS  EQUAL 
=  ALL  TREATNENT  REARS  NIT  ElUAL 

SOURCE 

CE6REES 

OF 

FREECOP 

SUP 

OF 

squares 

REAN  , 

SQUARE  F 

SARPLt 

POSITION 

2. 

47.969 

23.994  3.773 

ERROR 

39. 

247.906 

6.357 

TOTAL 

41. 

295.975 

COCHRAN’S  equality 

OF  VARIANCES  STATISTIC  "S"  =  .3944 

K  =  14 

NffLL  HYPOTH.  r  ILL 
ALT.  HYPOTH.  =  ALL 

•  LOCK 
■LOCK 

VARIANCES  ARE  EQUAL 

variances  are  not  equal 

N  r  3 

TWO-WAY  ANALYSIS  OF  VARIANCE  RESULTS 

NULL  HYPOTHESIS  = 

1)  ALL  TREATPENT  PEANS  ARE  EQUAL 

2)  ALL  BLOCK  REARS  ARE  EQUAL 

alternate 

HYPOTH. 

=  1>  all  TREAT.  PEANS  ARE  NOT 
2>  ALL  BLOCK  REARS  ARE  NOT 

EQUAL 

equal 

SOURCE 

CEGREES 

OF 

FREECOP 

SUP  REAR 

OF  SQUARE 

SQUARES 

F 

SARPLE  POSITION 

2. 

47.969  23.994 

10.796 

CAST./F0R6.  NO. 

13. 

190.094  14.623 

6.576 

ERROR 

26. 

57.913  2.224 

TOTAL 

41. 

295.975 

NOTE:  BOTH  TWO-  AND  ONE-WAY  ANOVA  INFORMATION  PROVIDED 
TO  SHOW  SYSTEM  CAPABILITY.  ONE-WAY  ANOVA  SHOULD 
ONLY  BE  USED  IP  IT  IS  KNOWN  THAT  BLOCKING  (CAST./ 
FORG.  NO.)  EFFECT  IS  NEGLIGIBLE. 
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Beginning  with  the  one-way  ANOVA  results,  note  the 


degrees  of  freedom  are  different  (CERT  »  3  for  position,  39 


error,  41  total;  CMR  -  2  for  position,  44  for  error,  47 


total)  which  yields  differing  critical  values  (19:397-401)  . 


The  CERT  F  (0.186)  becomes  significant  at  O^>0.25  while  the 
o 


CMR  Fq  (3.773)  is  significant  at  Cy  *  approximately  0.05. 


The  Cochran's  homogeneity  of  variances  statistic  "g" 


differs  only  slightly,  but  again  there  are  different  degrees 


of  freedom.  The  "g's"  and  their  points  of  significance  as 


determined  by  comparison  to  the  charted  values  (8:688)  are: 


^CERT  (n  -  4  k  -  12)  “  *3677  significant  at(y».05 


^CMR  (n  -  3  k  -  14)  ~  *3844  significant  at  Qf =  .04 


(  a  =  .05  ,  g  =  .35) 
(  (X  =  .01  ,  g  =  *43) 


Thus,  it  is  safe  to  say  that  at  0f=  .01,  the  variances 


of  measures  among  the  different  sample  pieces  are  the  same. 


The  two-way  analysis  of  variance  in  the  case  of  the 


CERT  data,  verifies  what  had  been  determined  in  the  one-way 


analysis  of  variance;  the  blocicing  (different  test  forg¬ 


ings/castings)  is  responsible  for  most  of  the  variability. 


something  that  was  suspected  at  the  outset.  The  CERT  two-way 


results  are: 


F  .695  significant  at  OfT>0.2S 

'^Tr(3.33) 


i-,»=  11.923  significantatOf^O.Ol. 

B1  ( 11 . 33) 


»»i 


i%:«i 


m\ 


m 


Wm 


The  CMR  two-way  ANOVA,  however,  displays  different 


information  from  the  one-way: 


10.786  significant  at  0^  »  0.25 

Tr ( 2 «  2  6 ) 


6.576  significant  at  Of  =*0.25 

B  L  V  ^  <3  •  2  o  ) 


leading  to  rejection  of  both  null  hypothesis. 


These  may  indicate  significant  differences  between  the 


vendor  and  AiResearch  testing,  data  inconsistencies,  ”out- 


of -control"  situations,  or  bad  product.  Quality  control 


charts  may  help  to  clarify  this  situation. 


Before  presenting  the  control  charts,  it's  appropriate 


to  discuss  which  provides  more  information,  the  control 


charts  or  the  analysis  of  variance.  Basically,  they  both 


can  provide  the  same  information,  but  in  different  ways. 


The  analysis  of  variance  tests  for  variation  between 


populations  (treatments)  for  selected  levels  of  confidence 


(1-00  by  using  extensive  and  somewhat  complicated  mathemati¬ 


cal  calculations  that  employ  the  sample  standard  deviation 


as  an  estimate  of  variance  Quality  control  charts  also  test 


variation  between  populations,  but  this  is  accomplished  by 


utilizing  simpler  calculations  that  employ  range  (in  the 


simplest  case),  sample  standard  deviation,  etc. ,  as  estimates 


of  variance  and  in  most  cases  using  set  values  of  (l-Of)r 


(i.e.  the  three-sigma  (30*)  or  99.73%l-0l^)  confidence  levels 
can  be  investigated  by  recalculating  the  control  limits  with 
values  other  than  three  as  mentioned  in  Chapter  3.  The 
advantage  of  control  charts  is  that  they  provide  a  picture 
of  the  analysis  that  makes  decision-making  much  easier  for 
the  user  who  is  not  familiar  with  the  statistical  background 
and/or  manipulation  required. 

A  look  at  the  control  charts  for  the  CERT  and  CMR  test 
data  for  part  number  3072112  should  give  a  visual  indication 
of  what  the  one-way  and  two-way  ANOVA  results  were 
designating.  Figures  4-1  and  4-2  are  the  results  of 
plotting  the  CERT  and  CMR  data  respectively.  The  “3-SIGMA 
X-BAR  CHART"  for  the  CERT  data  shows  that  while  all  the 
results  were  above  the  minimum  specification  level  (the 
vertical  line  of  "m"'s)r  they  did  not  stay  within  the  3 
control  limits  (the  vertical  lines  of  “I's")  and  the  process 
appears  out  of  control.  The  two-way  ANOVA^  it  may  be 
recalled,  indicated  considerable  variation  between  the 
sample  pieces  (blocking),  thus  the  two  methods  as  proposed 
above  do  indeed  provide  the  same  information,  though  in 
different  ways.  The  ranges  on  the  “3-SIGMA  R  CHART"  stayed 
well  within  the  control  limits,  however,  indicating  the 
range  of  values  within  each  test  seunple  was  relatively 
consistent  as  indicated  by  Cochran’s  test. 

^^See  Duncan  (9:618-19)  for  an  in-depth  discussion  of 

this. 
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FIGURE  4-1; 

Part  No.  3072112  CERT  Control  Charts 
(Sheet  1  of  3) 


3  SIG*»*- 
PAMGr  CHART 


SERIAL 

NUMBER 


I  rL=  •'1.J  30 

CE^'Tr»:  3.6333 

IJCI  =  3.?9*l0 


^51 


83015 

83345 

88800 


1. 60f' 
5.101 
*•.30!’ 
T.ni 
1.70'’ 
3.70  1 
5.70^ 
2.000 
2,«0»‘ 
•  •631 
5,10r 

«.  lor. 


.  QOO 


2.761 


5.523 


3. 294 


3 

X.P«9  THAPT 


SERIAL 

NUMBER 


LCL=  133.5563 

CFWTfPr 


136.20  83 
UrL=  139.5637 


395 

2382 

404 

2374 

83015 


130. OtO 


13R.058 


13S  .117 


162. 1 75 


133. ore 
13R. 975 
13<l.925 
139.000 
136. «75 
139.675 
1 35 .525 
139.600 
1 35.550 

132.950 

1 32.950 
152.179 


1 

1 

1 

1  • 

1 

1  • 

1 

*  1 


NOTE:  THE  MOST  RECENT  DATA  IS  DISPLAYED  AT  TOP  OF  CHARTS. 
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FIGURE  4-1 


Part  No.  3072112  CERT  Control  Charts 
(Sheet  2  of  3) 

2 

PkKCf  CHART 

SERIAL  LCLr  .^291 

NUMBER  CE'lTFRr  3.6333 

Urtr  6.7315 

.000  2.761  5.523  9.29*1 


2237 

1.60^ 

1 

*  1 

I 

2164 

5.10'^ 

1 

1  0 

1 

395 

A.30'i 

1 

1  * 

1 

2382 

3.10»' 

1 

«  1 

1 

404 

1.70  1 

1 

*  1 

1 

2374 

3.900 

1 

1  * 

1 

83015 

5.707 

1 

\  * 

1 

83345 

2.007 

1 

*  2 

1 

88800 

2.A07 

1 

•  2 

1 

3040 

R.6nc 

1 

)  • 

1 

3046 

5.10r 

t 

2  * 

1 

3010 

4.107 

1 

1  • 

1 

2  SIG"**- 
X-HAR  CHART 


SERIAL 

NUMBER 

LCt=  134. 440] 

CFNtrq 

130.0J3  134.059 

- 

136.2093 

UrL=  137.9T65 

139.117  142.175 

Ull 

133.000  •» 

«  1 

1 

'■  i* . 

21o4 

134.975  R 

1  * 

1 

1 

395 

134.925  " 

1  * 

1 

1 

2382 

139.000  R 

1 

1 

1  • 

404 

136.475  • 

1 

t 

#  1 

2374 

139.675  R 

1 

1 

3  • 

83015 

134.525  R 

* 

1 

1 

83345 

139.600  R 

1 

1 

1  0 

88800 

135.550  R 

1  • 

1 

1 

3040 

1  72.950  • 

•  ] 

1 

1 

3046 

1  32.950  • 

•  ] 

1 

1 

3010 

142.175  « 

1 

1 

1  <1 

NOTE:  THE  MOST  RECENT  DATA  IS  AT  THE  TOP  OP  THE  CHARTS 
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Part  No.  3072112  CERT  Control  Charts 
(Sheet  3  of  3) 


1  SIG*»- 
R4NGF  rH*PT 


SERIAL 

NUMBER 


2237 

2164 

395 

2382 

404 

2374 

83015 

83345 

88800 

3040 

3046 

3010 


l«60'i 
5,  IOC 
•I.  30''' 
3,10P 

3,90C 

5.70” 

2.C0C 

2.40''. 

4.600 

S.lO'i 

4.100 


trtr  2.0612 

CENTFPr  3.6333 

IICLs  5.1799 


.000  2.761  5.523  9.294 


*  1 

1 

1 

1 

1 

m  I 

1 

1  * 

1 

]  * 

1 

1 

*  1 

1 

1 

1 

}  * 

1 

1 

1 

1  ft 

* 

1 

1 

1  * 

1 

1 

1 

1  * 

1 

1 

1 

ft  1 

]  * 

1 

SERIAL 

NUMBER 

irtr 

1 3J.003 

1  SIG«4- 
X-P»P  rH»PT 

135,324? 

rFNTPOr  135,2093 

UrL=  137.0924 

134.059  139.117  142,175 

2237 

1 33.000 

V 

•  1 

1  1 

2164 

1  34 .975 

m 

ft] 

1  1 

395 

134. 925 

m 

*  1 

1  1 

139,000 

m 

1 

1  J  • 

136.475 

m 

1 

1*1 

2374 

139.675 

m 

1 

'  J  • 

83015 

134. 925 

ft  1 

1  1 

83345 

139 .600 

P 

1 

I  ?  • 

88800 

135. 550 

M 

* 

3040 

1 32,950 

IM 

•  1 

1  1 

3046 

132.950 

M 

•  1 

1  1 

3010 

142.175 

P 

1 

1  1  • 

NOTE;  THE  MOST  RECENT  DATA  IS  DISPLAYED  AT  THE  TOP 
OF  CHARTS. 
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FIGURE  4-2 


92 


Part  No.  3072112  CMR  Control  Charts 
(Sheet  1  of  3) 

3  SIGMA- 
RANGE  CHART 


SERIAL 

NUMBER 


LCLr 


OCOD 

center:  J.193fc 

L'CLr  9.1918 


1  .50  ' 
5.60f’ 
•  60  T 
6.50r 
9.37*.‘ 
2.69i’ 
1.00-' 
*1.200 
3.901 
3.oor 
9.100 
9. 600 
.  90- 
2.70f 


.000 


2.727 


5.955 


9.192 


3  SIGMA- 
X-BAR  CHART 


SERIAL 

NUMBER 


irir  131  .9606 

CENTEPr 


1 39.7079 
UCL=  137.9551 


1 30. 101 


I  39.667 
132.933 
139.700 
136.767 
132.593 
133.667 

139.200 
139.100 
137.  933 
133.733 
133.033 

1 33.200 
132.333 

139.200 


I  32. 73^ 


1 35.967 


1 30.200 

..  —  —4 
1 
1 

t  * 

1 

1 

1 

1 


NOTE:  THE  MOST  RECENT  DATA  IS  DISPLAYED  AT  THE  TOP 
OP  CHARTS. 
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Part  No.  3072112  CMR  Control  Charts 
(Sheet  2  of  3) 


2  SIGMA- 
RANGE  CHART 


SERIAL 


LCtr  .OJOO 


NUMBER 


rF^'TfPr  3.1936 

MCL=  6.5052 


.300 

2.727 

2164 

1 .5D< 

1  • 

1 

395 

5.601' 

1 

1 

2382 

.600 

1  « 

1 

2361 

6.50'' 

1 

1 

3004 

*.370 

1 

]  * 

3443 

2.600 

1 

0  1 

1011 

1.00' 

1  0 

1 

1048 

4.200 

1 

1  * 

800 

1.400 

1 

1  * 

3337 

3.000 

1 

•  1 

3368 

4.100 

1 

\  0 

3040 

4.60r 

1 

1  • 

3046 

.40'- 

1  • 

1 

3010 

?.7or 

1 

0  1 

2  SIGMA- 
X-BAR  CHART 

SERIAL  irt=  132.54  3  0 

NUMBER  rE>'TFP=  134.7079 

UrL=  136.9727 


130.000 

132.737  135.457  139.700 

2164 

1  34  ,667 

u 

1  *  1 

1 

395 

132. 933 

m 

}  ft  1 

1 

2382 

1 39.700 

1  1 

1  ft 

2361 

136.767 

1  1 

ft 

3004 

132.543 

•» 

ft  ]  1 

1 

3443 

133.667 

M 

1  ft  1 

1 

1011 

134.200 

1  *  1 

1 

'U 

134.100 
137.  933 

« 

« 

1  *  t 

t  1 

1 

1  * 

3337 

1 33,733 

W 

)  ft  ] 

1 

3368 

133.033 

p» 

1  ft  1 

1 

3040 

3046 

1 33.200 

« 

1ft  1 

1 

132.333 

M 

ft  I  1 

1 

3010 

139.200 

If 

1  ft 

NOTE: 

THE  MOST 

RECENT 

DATA  IS  DISPLAYED 

AT  THE  TOP 

OF  CHARTS. 
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FIGURE  4-2 
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Part  No.  3072112  CMR  Control  Charts 
(Sheet  3  of  3) 

1  SIGMA- 
RANGE  CHART 


SERIAL 

NUMBER 


LCL:  1.50  70 

CEk'TFPr  3.1836 

lirLr  11.8287 


1 .50«‘ 
5.60'! 

.60' 
6.500 
*1.37'' 
2.6  00 
1  .00'* 
*l.23'> 
3.4  0'- 
3.000 
•  .10«' 
4,6  0- 

.4  00 
2.  700 


.000 


2.727 


5.455 


8.182 


1  SIGMA- 
X-BAR  CHART 


SERIAL 

NUMBER 


LCL:  133.6754 

CFPirPr  134.7079 

UrL=  135.7903 


130.000 


132.733 


135.467 


1  34  .667 

132. 933 
139.700 
136. 767 
1 32.543 
133.667 

1 34.200 
134.100 

1 37.933 
133.733 
133.033 
135. 2J0 
1 32.333 

139.200 


139,200 


NOTE:  THE  MOST  RECENT  DATA  IS  DISPLAYED  AT  THE  TOP 

OF  CHARTS. 


The  CMR  charts  for  part  number  3072112  show  somewhat 
better  control  than  those  for  the  CERT  data,  but  there  are 
still  points  outside  the  three -sigma  limits.  The  range 
charts  show  good  control-  While  the  result  of  the  two-way 
ANOVA  can  be  seen  in  the  charts  it  is  not  as  clear  as  in  the 
case  of  the  CERT  data.  Plots  of  the  individual  data  points, 
however,  may  aid  in  this. 

Figures  4-3  and  4-4  depict  these  plots.  Even  a  quick 
glance  shows  what  the  control  charts  had  depicted  in  detail. 
For  the  CERT  data,  there  is  a  wide  dispersion  of  values,  but 
the  range  of  each  piece  doesn't  appear  excessive;  the 
situations  the  control  charts  showed  for  the  CMR  data,  the 
true  worth  of  the  plot  is  seen  with  one  of  the  test  results 
falling  below  minimum  specifications.  The  dispersion  of 
values  and  the  differing  of  values  that  the  range  chart  and 
two-way  analysis  of  variance  showed,  and  Cochran's  "g" 
confirmed,  can  be  seen. 

To  compare  the  two  sets  of  data  is  difficult,  if  not 
impossible  with  the  out  -of  -control  situations  observed. 
Since  the  data  for  the  matched  pairs  is  dependent,  however, 
it  may  be  beneficial  to  at  least  look  at  the  results  of  the 
T*  testing.  Table  4-5  presents  the  data  and  results  for  the 
paired  test  data  means  (the  mean  values  of  yield  tests  on 
respective  halves  of  each  tested  casting/forging)  and 
reference  to  the  tables  of  t*  values  (18:466)  for  9  degrees 
of  freedom  leads  to  the  following:  t*  =  2.0811 
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Critical  value:  atO('=  .05  jt*j>t  Qg  g  =  1.833 

reject 

”l*/^CERT  “  A^CMI  “  ® 
ata=  .01  lt*l<t  Qj_  g  =  2.821 

accept 

and  the  means  can  be  considered  equal,  something  that  was 
intuitively  obvious,  but  now  can  be  statistically  proven. 
The  fact  that  Hq  must  be  rejected  at  0^  *  .05  would  caution 
the  user  to  investigate  factors  that  might  cause  the  means 
to  be  unequal  such  as  differences  in  testing  technique. 

As  a  point  of  interest,  it  may  be  noted  that  the 

values  of  the  difference  between  each  pair  of  data  are 

provided.  This  could  be  used  to  test  data  from  two 

different  vendors  manufacturing  the  same  part  through  use  of 
the  Wilcoxon  two  sample  test  in  the  event  the  distributions 
underlying  the  values  is  decidedly  normal  (33  :254-258). 

Such  data  was  not  available  for  this  study  and,  hence  no 
examples  of  such  a  test  are  provided. 

Part  Number  3072316— 

Forged  Turbine  Disk  of  Waspaloy,  Condition  B 
Reviewing  the  control  charts  for  test  results  of  part 
number  3072316  illustrates  the  use  of  the  developed  programs 
in  analyzing  individual  (one  sample/test  forging)  measure¬ 
ment  data.  Tables  4-6  and  4-7  present  the  individual 
measurement  data  for  the  ultimate  stress  portion  of  the  room 
temperature  Tensile  test  for  the  CERT  and  CMR  data  while 


tables  4-8  and  4-9  present  the  grouped  data.  The  values 
were  grouped  In  three's  by  simply  taking  the  three  most 
recent  values  (top  three  on  individual  data  table )r  then  the 
next  three/  etc.  A  decision  was  made  to  bypass  the  ANOVA 
calculations  since,  with  the  grouped  data,  it  wasn't 
necessary. 

Figures  4-5  and  4-6  present  the  grouped  "S-SIGMA"  and 
"2-SIGMA  X-BAR"  and  "RANGE"  charts  for  the  CERT  and  CMR 
data.  Looking  at  the  CERT  X  charts  shows  some  interesting 
behavior  in  the  grouped  average;  the  trend  toward  lower 
average  ultimate  stress  values  over  time  is  of  particular 

interest.  The  average  of  the  latest  three  tests  (grouo  1) 
has  fallen  close  to  the  lower  three-sigma  limit  and  is  in 
fact  below  the  two-sigma  limit.  The  range  charts  show  things 
"in-control".  The  CMR  control  charts  don't  really  depict 
this  trend.  The  charts  of  individual  measurements  with  the 
grouped  X-bar  control  limits  OQ")/  figures  4-7  and  4-8, 
shows  how  the  samples  performed  over  time.  Note  the  trend 
indicated  on  the  grouped  CERT  X-bar  chart  is  quite  obvious 
on  the  CERT  individual  chart  while  the  CMR  individual  chart 
shows  little  or  no  trend. 

The  reasons  for  such  a  discrepancy  are  difficult  to 
pinpoint,  but  may  be  due  to  a  degradation  in  the  vendor's 
test  equipment,  a  process  trend  in  the  manufacturing,  or 
problems  in  AiResearch  test  procedures. 


FIGURE  4-5 


103 


Fart  No.  3072316  CERT  Grouped  Control  Charts 
(Sheet  1  of  2) 
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Part  No.  3072316  CMR  Grouped  Control  Charts 
(Sheet  I  of  2) 
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Part  No.  3072316  CMR  Grouped  Control  Charts 
(Sheet  2  of  2) 
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Part  No.  3072316  CERT  Individual 
Measurements  Control  Chart 
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Part  No.  3072316  CMR  Individual 
Measurements  Control  Chart 
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The  test  for  equality  of  means  of  the  paired 
observations  (again,  the  respective  halves  of  the  tested 
forgings)  is  presented  in  table  4-10.  Testing  atO^  =  .01 
and  .05  shows 

t*  =  -2.7153  with  22  degrees  of  freedom 
critical  value  atO^=  .05  !t*|>trtc  =  1-717 

•US/ 

reject  H  :  U,  -  U  =  0 
o  ^CERT 

atOf=  .01  lt*l>-t«,  =  2.508 


\01.22 


reject  H  :  U. -  U  =  0 
o  CERT  r*  CMR 

and  as  stated  previously,  the  user  would  have  to  investigate 
to  determine  the  cause  for  the  inequality  since  it  would  be 
expected  that  they  would  be  statistically  equivalent. 

In  both  cases  (both  selected  parts)  there  was  a 
limited  amount  of  data  available,  malcing  it  difficult  to  get 
a  good  estimate  of  the  statistics  of  the  populations.  Most 
sources  recommended  at  least  25  samples  of  good  data  to  give 
such  an  estimate  (6:112),  but  this  amount  was  not 
available.  Also,  the  condition  of  test  results  reports 
(cert's  and  CMR's)  made  it  difficult  to  obtain  any  more 
data.  The  rough  data  sheets  (see  Appendix  B)  summarize  the 
data  the  author  was  able  to  glean  from  extensive  research  of 
the  records.  Additionally,  it  was  particularly  difficult  to 
pick  values  from  the  CMR's  due  to  poor  organization  and  lac]c 
of  consistency  in  the  original  AiResearch  and  vendor  data. 

The  programs  developed  in  this  study  were  verified  by 
manually  analyzing  the  data.  An  example  for  part  No. 


mmm 
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TABLE  4-10 

Part  No.  3072316  CERT  vs.  CMR  Paired  T-test 
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NOTE:  MOST  RECENT  DATA  IS  AT  TOP  OF  TABLE. 


3072112  CERT  yield  data  analysis  of  variance  (ANOVA)  is 
presented  in  Appendix  F,  along  with  analysis  of  the  three 
treatment  means  of  the  CMR  yield  data  using  Duncan's  test. 

The  results  obtained  by  analyzing  the  two  test  cases 
provided  a  means  of  evaluating,  in  particular,  the  capabili¬ 
ties  and  applicability  of  the  two  programs  developed  and,  in 
general,  the  quality  control  system  designed  for  AiResearch 
forging/casting  testing. 

Admittedly,  the  data  available  to  evaluate  the  quality 
control  system  developed  in  Chapter  3  failed  to  illustrate 
how  the  computer  outputs/analyses  produced  can  aid  manage¬ 
ment  in  making  decisions  to  reduce  cost  of  inspection, 
change  specifications,  reduce  testing  frequency  of  volume, 
etc.  Three  examples  have  been  developed  to  aid  in  under¬ 
standing  application  of  the  system. 

Example  1  (Figure  4-9)  illustrates  a  "borderline"  case 
where  a  trend  in  the  "X-BAR"  chart  toward  the  lower  control 
limit  and  the  specified  minimum  value,  in  both  the  2-  and  3- 
sigma  cases,  may  indicate  impending  trouble.  The  chronolog¬ 
ically  latest  measurements  are  presented  at  the  top  of  the 
charts,  i.e.  the  most  recent  data  is  on  top. 

Assuming  the  process,  in  the  past,  was  "under 
control,"  such  a  trend  may  indicate  that  a  mold  or  die  is 
deteriorating,  faulty  materials  are  being  supplied  to  the 
vendor,  or  that  the  vendor  is  adjusting  the  process  to  bring 
the  average  value  closer  to  the  minimum  specified.  Such 
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information  can  be  used  to  warn  the  vendor  of  impending 
problems  in  the  hope  it  can  be  quickly  corrected  before 
quality  drops  below  the  minimiun  specification.  Complaints 
from  customers,  then,  can  be  minimized.  This  can  also  be 
used  as  a  basis  for  improvement  of  vendor/manufacturer 
relations;  early  notification  of  the  trend  allows  the  vendor 
to  investigate  the  cause(s)  before  quality  falls,  a 
situation  that  could  jeopardize  a  contract.  Testing  in  this 
case  would  be  continued  at  the  same  level  to  provide 
monitoring  of  any  corrective  measures  taken. 

Presentation  of  data  in  control  chart  form  can  provide 
a  concise,  chronological  record  of  performance  that  can  be 
used  to  present  a  case  to  the  appropriate  persons  in  an 
organization.  Such  a  record  can  also  be  used  to  provide 
evidence  in  liability  cases  brought  against  a  manufacturer 
or  vendor  (7:207-9). 

A  process  in  "good  control"  is  presented  in  Example  2 
(Figure  4-10).  The  3-sigma  "X-BAR"  chart  shows  all  values 
clustered  near  the  center  line  (X)  as  are  most  values  on  the 
3-sigma  "RANGE"  chart.  The  2-sigma  charts  confirm  that 
there  are  no  points  even  approaching  the  "warning  limits" 
(2-sigma  control  limits)  indicating  quite  good  control. 
Such  a  chart  indicates  that  a  reduced  testing  frequency  is  a 
possibility,  thus  reducing  the  cost  of  testing.  Also,  the 
high  average  (x )  value  indicates  that  investigation  of  the 
minimum  specification  value  is  called  for.  Perhaps  material 
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composition  or  processing  could  be  changed  or  eliminated. 
If  the  higher  value  is  in  some  way  beneficial  to  the 
manufactured  product,  cash  awards  or  other  incentives  might 


be  given  to  the  vendor,  or  a  higher  "vendor  certification" 
(giving  that  vendor  a  preference  over  others  supplying  the 
same  product)  could  be  assigned  that  vendor.  It  may  also  be 
used  to  reduce  inspection/testing  by  either  vendor  or 
manufacturer;  testing  of  only  one  item  per  heat  of  material 
versus  three,  elimination  of  one  type  of  test  (say,  %- 
elongation)  conducted  on  a  sample,  etc. 

Finally,  Example  3  demonstrates  how  to  handle  the 
testing  position  problem  in  order  to  reduce  testing.  Table 
4-10  shows  the  values  used  to  obtain  the  plot  of  all  the 
individual  measurements  by  position  (Figure  4-11).  LooJcing 
at  the  values  and  averages  for  each  position,  and  assiuning 
the  process  is  "in  control,"  it  becomes  obvious  that 
position  5  values  are  significantly  lower  than  the  position 
3  or  4  values,  and  the  average  values  of  positions  3  and  4 
are  almost  the  same.  The  individual  measurement  plot 
provides  a  picture  of  the  situation.  A  measure  that  might 
be  taken  is  a  reduction  in  testing  positions,  i.e.,  testing 
in  only  1  or  2  positions.  The  author's  recommendation  would 
•  be  to  only  test  position  5  on  a  regular  basis,  as  its 

average  value  is  closer  to  the  specification  minimum.  The 
other  positions  could  be  tested  less  frequently.  Also,  as 
in  Example  2  above,  the  minimum  specification  value  should 


TABLE  4-11 


Values  of  Individual  Measurements  for  Example  3 
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be  looked  at  due  to  the  difference  between  the  average 
values  for  each  position  and  the  specification  minimum.  If 
this  value  is  changed »  changes  in  the  overall  specifications 
of  the  item  might  result. 

"In  control"  control  charts  can  be  used  to  verify 
there  are  few  (or  no)  assignable  causes  for  a  test  result 
that  may  approach  or  slightly  exceed  a  control  limit.  This 
can  eliminate  labor  hours  required  to  change  settings, 
tools,  etc. 

While  there  are  other  possible  uses  of  the  quality 
control  charts,  they  are  too  numerous  to  completely  detail. 
Reference  to  the  various  publications  listed  as  references 
to  this  report  may  indicate  even  more  uses. 

Chapter  5  presents  the  conclusions  derived  from  this 


evalution  and  some  recommendations  for  further  research. 


120 


CHAPTER  5 

SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

It  is  in  [the]  rather  uneasy  balance  between 
customer  desires  for  perfection  and  manufacturer's 
desire  to  minimize  cost  that  quality  control 
operates  (  31:8 ) . 

Summary  and  Conclusions 

The  quality  control  system  proposed  by  this  report 
provides  a  viable  means  of  monitoring  the  quality  of  vendor 
product  received  by  AiResearch  and  providing  useful, 
statistically  sound  data  for  use  in  managerial  decisions 
concerning  vendor  reliability  and  testing  sufficiency.  In 
this  way,  the  cost  of  testing  may  be  reduced  as  may  the  cost 
of  the  product  and/or  it  may  simply  precipitate  better 
relations  with  the  vendor. 

Likewise,  the  computer  programs  designed  in  support  of 
this  QC  system  provide  quality  control  charts  and  statisti¬ 
cal  analysis  of  testing  performed  by  both  the  vendor  and 
AiResearch  and  may  be  utilized  to  analyze  any  typical 
quality  control  data.  The  programs  possess  both  the  flexi¬ 
bility  and  the  efficiency  to  apply  to  any  quality  control 
analysis  and  can  present  it  in  a  format  understandable  to 
either  the  statistically  experienced  or  the  inexperienced 
user. 


(‘k. 


The  study  of  the  quality  control  process  at  AiRe- 
searchr  both  preliminary  to  and  during  development  of  the 
proposed  system,  highlighted  some  shortcomings  in  the 
existing  quality  control  program;  most  notably,  the  lack  of 
a  summary  of  testing  information  from  the  CERT's  and  CMR's 
and  the  reliance  on  intuitive  evaluations  of  these  results 
for  acceptance/rejection  of  material.  The  computer  files 
designed  for  the  system,  and  use  of  the  proposed  system 
should  alleviate  both  of  these  problems.  Initially,  educat¬ 
ing  the  inexperienced  users  may  require  some  investment  in 
time  and  money,  but  not  unreasonable  amounts.  It  should  be 
recovered  in  a  very  short  period. 

The  data  chosen  for  testing  of  the  programs  did  not 
exhibit  the  properties  of  a  process  in-control,  but  this  was 
not  necessary.  It  provided  better  indications  of  the 
accuracy  and  flexibility  of  the  programs,  however,  than 
would  "canned"  data  that  displayed  "in-control"  situations. 
It  is  probably  typical  of  data  that  a  user  would  encounter 
in  the  workplace.  While  cost  considerations  were  not 
covered  in  depth,  it's  obvious  that  if  a  process  was  shown 
to  be  "in-control"  and  there  was  no  statistical  difference 
in  the  means  (or  a  constant  difference)  then  testing  of  some 
positions  could  be  eliminated.  Of  course,  this  would  reduce 
the  combined  $1.4  million  annual  testing  costs  (32:1)  of 
AiResearch  and  the  vendors  and  theoretically,  the  cost  of 
engines.  Another  benefit  might  be  the  establishnent  of  a  vendor 
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certification  process  that  would  allow  vendors  of  particular 
parts  with  processes  "in-control"  for  an  appropriate  period 
of  time  to  have  their  parts  tested  less  frequently.  This 
would  also  result  in  savings.  In  summary,  the  data  used,  in 
particular  part  No.  3072112,  had  insufficient  data  to 
accomplish  this.  The  other  sample  case,  while  showing  good 
control  and  meeting,  in  general,  the  specif ications,  present¬ 
ed  a  discrepancy  between  mean  values,  at  least  in  the 
ultimate  yield  testing  and  trends  in  the  testing  that 
disqualified  it  also.  This  indicates,  however,  that  the 
charting  and  analysis  programs  are  capable  of  identifying 
these  variations. 

In  gathering  the  data  and  developing  the  system,  there 
were  assumptions  made  to  fit  the  specific  situation  and  to 
provide  simpler,  yet  statistically  accurate  solutions  for 
the  benefit  of  understanding  by  inexperienced  users.  While 
most  of  these  were  explained  and  justified,  all  are 
reasonable  and  required  for  solution. 

The  system  provides  the  user  with  the  capability  to 
set  acceptance  levels  for  the  statistical  testing,  to  select 
and  input  different  control  limits,  specifications,  etc.,  to 
provide  solutions  to  an  infinite  number  of  quality  control 
problems,  and  to  choose  the  ANOVA  approach  or  the  control 
chart  approach. 

This  system,  while  designed  for  the  situation  at 
AiResearch  could  be  adopted  for  use  by  anyone  with  quality 


control  situations  either  requiring  or  desiring  a  computer¬ 
ized  approach  to  the  control  of  quality.  It  is  easily 
modifiable  to  fit  any  situation  and  is  compatible  with  any 
processing  system  having  FORTRAN  IV  capability. 


Recommendations 

Development  of  the  quality  control  system  as  a 
solution  to  this  study  indicated  a  number  of  areas  where 
improvements  could  be  made  to  provide  better  and/or  easier 
analysis. 

First,  redesign  of  the  AiResearch  test  result  form 
(CMR)  to  provide  a  better  organized  presentation  of  the  data 
would  allow  a  more  rapid  and  complete  analysis  of  the  data. 
As  an  addendum,  it  would  perhaps  be  more  efficient  to  input 
the  results  directly  through  an  on-site  terminal  (prefer¬ 
able)  or  a  daily  punched  card  input  versus  filing  the  CMR 
and  extracting  this  data  later.  This  approach  could 
streamline  and  improve  data  collection. 

An  expansion  of  the  data  file  format  from  that 
described  in  this  report  would  be  of  benefit.  Inclusion  of 
the  testing  date,  heat  number,  and  results  of  additional 
tests  run  on  a  sample  of  material  in  one  part  No.  file  might 
be  more  logical  and  would  require  only  minor  format  changes 
in  order  to  be  analyzed  by  use  of  the  computer  progreuns. 
This  would  allow  a  better  chronological  view  of  the  process, 
and  could  be  used  instead  of  part  number#  test  item  number, 
and  type  of  test  to  store  the  test  data. 


should  be 


Also,  application  of  MIL-STD-414^^ 

investigated  for  setting  up  of  sampling  plans.  While  the 
ASTM  STP  15D^®  might  provide  a  less  costly,  faster  setting 
up  of  destructive  testing  plans ,  the  MIL-STD  recognizes  the 
destructive  testing  situation  and  utilizes  acceptable 
quality  level  (AQL)  versus  the  OC  curve.  AQL  is  the  quality 
level  of  the  supplier's  process  that  the  consumer  would 
consider  to  be  acceptable  as  the  process  average  for  the 
purposes  of  acceptance  sampling  (9:153).  This  could 
conceivably  reduce  the  necessary  testing. 

After  identifying  test  data  that  exhibits  "in-control" 
behavior  and  good  equivalence  between  CERT  and  CMR  data,  it 
will  be  beneficial  to  study  the  flow  patterns  and  analysis 
of  variance  results.  It  may  be  possible  to  eliminate 
testing  at  a  particular  location  if  it  could  be  determined 
that  the  results  of  testing  at  a  location  were 
(statistically)  always  less  or  greater  than  that  at  another 
location.  This  could  reduce  testing  costs  and  costs 
overall . 

If  testing  of  means  and  variances  indicates  equality 
between  vendor  and  company  testing,  company  and/or  vendor 
testing  could  be  reduced.  If  not,  as  in  the  test  parts 

^^MIL-STD-414 ,  "Sampling  Procedures  and  Tables  for 
Inspection  by  Variables  of  Percent  Defective"  (21:57-70). 

^®ASTM  STP  15D,  American  Society  for  Testing  and 
Materials,  "Manual  on  Presentation  of  Data  and  Control  Chart 
Analysis"  (1:71-146). 


investigated  in  this  report,  the  same  level  of  testing 
should  be  retained  and  causes  investigated.  Such  an 
approach,  reminiscent  of  the  MIL-STD-414  approach,  could 
benefit  not  only  in  reduced  cost,  but  better  company  vendor 
relations . 

Modifying  the  plotting  subroutine  to  draw  connecting 
lines  between  the  points  would  make  trends  easier  to  see. 
Also,  if  and  when  sufficient  data  becomes  available,  a 
histogram  of  the  test  data  values  would  help  to  identify  the 
underlying  distribution. 

As  part  of  the  vendor  certification  process,  in  the 
situation  where  a  part  is  being  supplied  by  more  than  one 
vendor,  using  the  programs  to  indicate  which  vendor  is 
producing  the  higher  quality  part  can  produce  cost 
reductions  by  buying  more  from  that  producer  resulting  in 
possible  lower  cost  per  item,  or  by  assigning  a  higher 
rating  of  reliability  and/or  reducing  required  testing 
level . 

Finally,  adapting  the  programs  and  quality  control 
system  to  the  new  generation  personal  and  business  computers 
might  allow  a  wider  application  of  the  system  throughout  the 
AiResearch  Manufacturing  Company,  resulting  in  a  better 
product  at  a  lower  cost — the  goal  of  quality  control. 
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APPENDIX  A 

USING  THE  QCC*PROGRAMS — 

A  USER’S  MANUAL 

Introduction 

The  QCC*Programs  were  designed  to  complement,  in 
particular,  the  quality  control  system  designed  for  the 
AiResearch  Manufacturing  Company  evaluation  of  casting  and 
forging  acceptance  testing.  They  have  sufficient  flexibil¬ 
ity,  however,  to  be  applied  to  any  problem  requiring  quality 
control  charts  and/or  an  analysis  of  data,  so  long  as  proper 
care  is  exercised  in  the  application.  The  programs  are 
written  in  FORTRAN  IV,  and  while  an  extensive  knowledge  of 
this  language  is  not  required  for  using  them,  any 
modifications  do  require  it,  and  should  only  be  attempted  by 
those  who  are  intimately  familiar  with  the  program. 

The  programs  produce  X-  and  R  charts  for  grouped  data, 
plot  the  individual  values  of  the  grouped  data,  provide 
analysis  of  variance  and  other  statistics  for  grouped  data, 
will  group  individual  measurement  data  and  produce  grouped 
and  individual  measurement  control  charts  for  this  data,  and 
can  provide  statistics  for  testing  the  means  of  paired  data 
groups. 
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Data  Files 

Data  can  be  stored  in  any  standard  format;  those  shown 
here  are  used  for  illustration  purposes  only.  The  data 
must,  however,  be  stored  in  a  particular  order  to  gain  the 
desired  result. 

For  the  main  program  and  subroutines 

The  first  two  lines  or  cards  (an  80-column  card;  means 
the  same  as  line  in  this  manual)  provide  72  spaces  each  to 
identify  the  contents  of  the  file.  The  first  line  can  be 
used  to  identify  the  type  of  information,  dates  the  file 
covers,  manufacturer,  etc.  and  the  second  can  identify  the 
particular  item  with,  for  instance,  a  part  number  or 
description,  etc. 

The  third  line  contains  five  values  used  in  the 
program  and  are  written  in  the  following  form. 

NG  N  ISKIF  INLIM  IFLOT 

IlKno  spaae)II(no  space)II(no  spaoe)II(no  spaoe)II:  FORMAT (13, 412) 

13  12  12  12  12 

NG  =  Number  of  groups  (MAX  =  400) 

N  =  Number  of  data  points  in  each  group  (MAX  10) 

=  0  s  Program  stops 

ISKIP  =  Means  of  suppressing  printing  of  means  and  ranges 
»  0  »  normal  condition 

>  0  >  printing  of  means  and  ranges  suppressed 
INLIM  ■  Means  of  suppressing  use  of  calculated  means  and 


ranges 


=  0  =  normal  condition 

>  0  B  use  of  calculated  means  and  ranges  suppressed; 
user  must  supply  them;  see  final  card  descrip¬ 
tion 

IPLOT  =  Means  of  suppressing  printing  of  the  plot  of 
individual  values  of  grouped  data  (N>1) 

=  0  =  Normal  condition 

=  1  =  no  plot  of  individual  values  will  be  produced. 
NOTE:  If  this  card  is  blank,  processing  stops. 

The  fourth  card  states  the  format  the  data  in  the 

particular  file  is  stored  in.  There  are  72  available  spaces 
here  to  describe  this  format.  The  suggested  input  for  the 
card  is: 

FORMAT(I5,NF10.2)  N(maximum)  «  10 
The  15  spaces  at  the  beginning  of  each  data  group  can  be 
used  to  identify  it  with,  for  instance,  a  part  number,  date, 
etc.  The  design  of  the  control  charts  allows  only  5 

characters  to  be  used  for  this. 

The  fifth  card  contains  the  format  for  reading  the 

labels  that  are  to  be  applied  to  each  N,  if  N>1.  For 

example,  the  card  might  read: 

FORMAT (4A4)  (if  N  »  4) 

and  the  sixth  card,  containing  the  labels  applying  to  the 
individual  N  might  read 


POS3POS4POS5POS6 


Thus  for  the  label  would  be  P0S3  (corresponding  to 
the  position  a  sample  was  taken  from),  the  N2  label  would  be 


P0S4,  etc.  The  seventh  card  contains  the  minimum  acceptable 


value  for  the  data  in  the  file  in  FORMAT ( FIO .  3 ) .  If  the 


card  is  blank,  the  program  will  consider  F  as  a  zero.  The 


eighth  card  contains  the  first  set  of  data  in  the  format 


specified  in  card  4.  For  example. 


1112ssl32. 5ssssssl33.7sssssl32. 9sssssl33. 15s 


is  the  data  for  part  no.  1112  in  the  example  format 


specified  for  card  4.  MOTE:  If  this  card  is  blank,  it  will 


be  included  in  the  data  and  plotting  computations  1 1 1 


The  final  card  of  the  data  set  will  be  the  values  for 


control  chart  means  and  limits,  if  the  user  has  specified 


INLIM>0  in  the  format  (6P10.0).  For  our  example,  we  might 


know  the  characteristics  of  the  population  being  sampled  and 


wish  to  put  in  the  following! 


OsssssssslO . 0ssssss22.0ssssssll5 . 0sssssl35 . 0sssssl55 . 0 


This  option  normally  won't  be  used,  unless  a  large 


historical  bank  of  data  is  available. 


In  summary,  then,  the  data  file  should  consist  of  the 


following: 


CARD  DESCRIPTION 


72  spaces,  FORMAT  (18A4),  for  data  identification 


72  spaces,  FORMAT  (18A4),  for  data  identification 


FORMAT  (13,412)  for  specification  of  MG,  N,  ISKIP, 


INLIM,  and  IPLOT  values 


iSSA 


User-selected  FORMAT  for  data — first  5  spaces  for¬ 


matted  "15' 


User-selected  FORMAT  for  labels  to  apply  to  each  "N* 


User-selected  labels  in  FORMAT  of  card  5 


FORMAT  (FlO.3)  for  value  of  minimum  specification 


value 


First  data  set  in  FORMAT  of  card  4 


LAST  FORMAT  ( 6F10 . 0 ) -specif ication  of  range  lower  control 


limit  (BCD,  mean  range  (REAR),  range  upper 


control  limit  (UCL),  X  lower  control  limit 


(BCLL),  X(XBAR)  and  X  upper  control  limit  (UCLL) 


if  INLIM  =  01  in  card  3. 


For  the  TSTAR  Program 


The  first  card  in  the  program  contains  the  number  of 


data  pairs  (MG:MAX=400)  and  the  value  to  be  used  in 


investigating  the  difference  between  the  paired  data  (DMU) 


explained  below. 


The  second  card  in  the  program  provides  28  spaces  and 


the  third  24  spaces  for  data  identification.  The  program. 


as  it  will  be  presented  below,  is  set  up  to  handle  these  two 


cards  as  a  date  (period  of  testing)  on  the  second  card  and  a 


part  number  on  the  third. 
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The  fourth  card  is  the  first  data  card.  Data  is 
written  in  FORMAT  (15,  2F10.3)  with  the  first  5  integer 

spaces  used  to  identify  the  paired  data  and  the  other  20  (2 
sets  of  10  spaces)  for  the  two  values  of  the  paired  data). 
Any  zero  values  on  this  card  will  be  used  in  the 
calculations . 

In  summary,  the  data  file  for  the  TSTAR  program  should 
appear  as  follows: 

CARD  DESCRIPTION 

1  FORMAT  (I4,F10.2)  for  specification  of  NG  (number  of 

groups/pairs),  DMU  (difference  between  means  to 
be  tested) 

2  FORMAT  (7A4);  28  spaces  for  data  identification 

3  FORMAT  (24A1);  24  spaces  for  data  identification 

4  First  data  card  in  FORMAT  (15,  2F  10.0) 

Program  Operation 

Control  Chart  Program 

The  control  chart  program  is  the  director  program  for 
moving  data  through  the  appropriate  subroutines  to  attain  he 
user's  desired  result.  This  program  is  capable  of  directing 
analysis  of  variance  and  production  of  X-  and  R-charts  for 
grouped  data  (more  than  one  data  point,  per  group;  N>1)  with 
control  limits  of  3-,  2-  and  1-sigma.  It  will  also  group 
individual  data  (only  one  data  point  per  group)  into  groups 
of  size  3  (or  another  value  if  the  program  is  modified). 
These  grouped  individual  data  points  are  then  used  to 


calculate  control  limits  for  3-  and  2-sigma  "X  and  R  control 
charts  and  a  control  chart  for  the  individual  data  is 
produced  with  the  X  (3-sigma)  control  limits.  Finally,  the 
program  can  produce  a  plot  of  all  the  values  in  the  N>1  data 
situation  in  relation  to  their  part  number  (or  identifica¬ 
tion)  along  with  the  minimum  specified  value  from  the  data 
file  (card  7).  This  information  can  then  be  used  to 
establish  the  need  for  further  testing,  verify  a  controlled 
situation  (process,  etc.)  or  of  the  other  decisions  that  can 
be  made  using  a  control  chart. 

This  program  and  the  subroutines  will  automatically 
perform  these  operations  when  the  data  file  is  set  up  as 
described  and  the  limits  specified  are  adhered  to.  The  only 
exception  is  in  the  event  the  input  and  output  mediums  are 
not  "5"  and  "6,"  respectively,  designating  punch  card  input 
and  printer  output.  These  may  differ  in  the  user's  system. 
In  this  event,  lines  30  and  31  of  the  main  program  (LR 
[reader]  and  LW  [writer])  must  be  changed  to  the  proper 
values.  Modifications  to  the  program  and  subroutines  are 
described  in  the  section  titled  "Modification,"  below. 


TSTAR  Proqram 

This  program  is 

designed 

to 

calculate 

the 

n 

statistic  for  paired. 

dependent 

data 

points 

that 

are 

normally  distributed  and  will  also  yield  the  differences 
between  the  pairs  for  use  in  the  non-parametric  Wilcoxon 
paired  "T"  test.  It  can  be  used  to  determine  if  testing  of 
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the  same  material  by  two  different  entities  is  producing 
equivalent  results  as  well  as  if  it  is  separated  by  a 
constant  value  (through  specification  of  DMU,  the  different 
between  the  two  to  be  investigated).  It  will  yield  not  only 
the  difference  between  each  data  pair,  but  also  the 
difference  squared  (for  calculating  standard  deviation),  the 
totals  of  these,  the  sample  variance  and  standard  deviation, 
the  average  difference  of  all  pairs,  the  degrees  of  freedom 
of  the  "T"  statistic  and  the  "T"  statistic  itself. 

This  program  will  automatically  perform  the  operations 
just  described  as  long  as  the  procedures  outlined  are 
adhered  to  in  setting  up  the  data  files.  The  only 
exception,  as  in  the  main  program  and  subroutines,  is  if  the 
input  and  output  codes  are  not  "5”  and  "6,"  respectively. 
All  READ  and  WRITE  statements  will  have  to  be  changed  to 
reflect  the  proper  values  (lines  11,  42-45,  47,  52,  54  &  59- 
60).  The  remainder  of  this  manual  will  cover  possibilities 
for  tailoring  the  programs  to  the  requirements  of  any 
specific  situation  or  organization. 


Modification 

NOTE;  THE  FOLLOWING  PARAGRAPHS  ARE  FOR  MODIFICATION  ONLY— 
THEY  ARE  NOT  REQUIRED  TO  "R^"  THE  PROGRAM! 

Main  Program 

The  main  program  (see  printout  in  Appendix  D)  contains 


data  tables,  constants,  FORMATS,  and  dimensions  that  can  be 


changed  to  accomodate  most  situations  requiring  quality 
control  charts. 

The  first  of  these  is  the  data  table  for  the  constant 
values  for  calculating  the  control  limits.  It  could  be 
expanded  to  include  values  for  N{ number  of  samples  in  a 
group) >10  in  accordance  with  the  values  cited  in  the 
literature.  Also,  the  table  might  be  changed  to  use  the 
sample  standard  deviation  constants  if  the  program  was 
modified  to  calculate  and  use  this  in  determining  control 
limits . 

If  the  values  of  N>10  and/or  NG(number  of  groups)>400, 
the  dimensions  of  X(),  NSER(),  H0LD( )  in  line  8,  LABEL ( )  in 
line  10,  and  all  in  line  12  might  have  to  be  changed,  along 
with  many  of  the  "DO"  instructions,  etc.  Extreme  care  will 
have  to  be  taken  to  re-dimension  all  appropriate  items. 

If  the  method  of  calculating  the  control  limits  is  to 
be  changed,  lines  94  through  112  should  be  looked  at 
closely.  In  most  cases,  it  will  be  more  advantageous  to 
simply  input  the  desired  values  utilizing  the  INLIM>0  option 
in  the  data  file  as  described  previously,  versus  a  major 
program  change. 

Throughout  the  main  program  and  subroutines,  comment 
statements  have  been  included  to  define  variables,  highlight 
important  areas,  and  to  clarify  what  operation  is  being 
performed. 


This  subroutine,  while  designed  to  produce  X-  and 
range  charts  could  conceivably  be  used  to  produce  other 
control  charts.  As  can  be  seen  in  line  1,  it  uses  values 
for  limits,  etc.  that  come  from  the  main  program  so  all  that 
would  be  required  is  changing  the  titles  to  be  printed  at 
the  top  of  the  charts;  line  105.  Line  21,  by  the  way,  could 
also  be  changed  to  reflect  a  better  description  of  the 
user's  product. 

As  in  the  main  program,  increasing  N  greater  than  10 
and/or  NG  greater  than  400  would  require  changes,  but  only 
in  the  DIMENSION  line  (11  &  12).  KALERO,  KALEXO,  RANGEO, 
SUBAR( )  and  M( )  would  have  to  be  increased  to  the  maximum 
NG+3.  The  value  +3  is  used  to  allow  for  printing  of  the 
control  limits  and  mean  value  in  addition  to  the  data 
points.  If  another  value,  such  as  a  warning  limit  or  upper 
specification  limit,  is  to  be  used,  these  dimensions  would 
have  to  be  increased  1  for  each  additional  value.  Also,  in 
this  case,  an  additional  figure  to  be  used  for  plotting 
would  have  to  be  included  in  the  DATA  statement  along  with 
additional  statements  in  the  subroutine  to  allow  their 
inclusion.  Variables  would  have  to  be  calculated  or  read  in 
the  main  program  and  included  in  the  COMMON/PLOTl/  state¬ 
ments  so  they  would  move  between  the  program  and  subroutine 
CHARTS.  Reference  to  lines  37  through  74  of  CHARTS  will  aid 
in  accomplishing  such  a  modification.  Note: 


TMIN  -  specified  minimum  value  read  into  the  main 
program 

M(I)  »  the  "location"  used  to  put  this  value  in  the 
chart  array 

IM  =  M  =  the  "value"  of  the  location  M{I)  that  is 
printed  on  the  chart 

Subroutine  SORTS 

The  only  value  that  might  be  changed  is  the  dimension 
of  CH(),  line  2,  if  max  NG  greater  than  400  is  used  and/or 
there  are  additional  points  plotted  in  CHARTS. 

Subroutine  SCALE 

No  changes  necessary. 

Subroutine  ASTATS 

In  the  event  a  maximum  NG  greater  than  400  is 

anticipated,  or  there  are  additional  points  plotted,  the 
dimensions  in  line  10  would  have  to  be  increased  to  reflect 
the  change. 

This  subroutine  could,  theoretically,  be  used  to 
determine  the  values  for  calculating  limits  if  another 
estimate  of  variation  were  to  be  used,  such  as  sample 

standard  deviation,  etc.  Such  a  calculation  could  be 

inserted  in  place  of  the  calculations  for  range  in  lines  53 
through  62. 

Subroutine  VALPLT 

This  subroutine  plots  the  individual  values  for  data 
groups  with  more  than  1  value  (i.e.,  N>1 ) .  It  is  the 


author's  opinion  that  more  than  10  values  (N>10)  could  make 
the  plot  crowded  and  meaningless,  but  if  conditions  warrant 
using  this  chart  with  N>10  (for  instance,  searching  for  one 
or  two  values  out  of  a  group  of  supposedly  identical 
measurements),  the  subroutine  could  be  so  modified.  It 
would  probably  be  best  in  such  a  situation  to  convert  the 
subroutine  into  a  short  program,  although  not  necessary. 

If  N  greater  than  10  is  to  be  utilized,  then  changes 
similar  to  those  above  are  necessary.  The  dimensions  of 
MON()  and  NAME(),  line  12,  would  be  increased  to  (N-fl)  and 
(N+5),  respectively  and  an  identifying  label  for  each  N 
would  have  to  be  included  in  the  DATA  statement,  line  13. 
If  the  situation  being  investigated  was  searching  for 
unequal  values  out  of  supposedly  equal  values,  only  those 
labels  for  the  unequal  values  and  one  (the  largest)  of  the 
equal  values  would  be  on  the  plot. 

Finally,  the  FORMAT  statements,  lines  66-78,  might 
require  changes  for  labeling  the  chart. 

Subroutine  ANALVR 

This  subroutine  performs  the  one-  and  two-way  analyses 
of  variance  for  grouped  data  (N>1)  only.  The  only  changes 
necessary  would  be  to  re-dimension  TRT(),  TRM(),  SSPOS(), 
DIFSQR( )  and  TSDEV()  if  N  greater  than  10  is  desired  and 
BLK()  if  NG  greater  than  400  is  anticipated. 

It  also  may  be  desired  to  have  different  statistical 
values  used  in  the  calculations  displayed.  This  is  easily 
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done  by  including  the  appropriate  WRITE  and  FORMAT  state¬ 
ments  at  the  end  of  the  subroutine.  The  WRITE  statement 
must  be  placed  in  the  deck  prior  to  the  return  statement. 


and  the  FORMAT  prior  to  the  END. 

TSTAR  Program 

This  program,  being  rather  specialized,  requires,  and 
is  tolerant  of,  very  little  modification.  The  only  values 
that  could  be  changed  are  if  NG  greater  than  400  is  to  be 
used,  requiring  DFF()  and  DIF2()  of  line  7  to  be 
redimensioned  and  the  length  of  the  identification  variables 
PNUM  and  DATE,  requiring  their  redimensioning  also.  Note 
that  if  this  is  done,  the  FORMATS  for  titling  the  results 
table,  lines  77  through  81,  would  have  to  be  modified. 

Conclusion 

While  modifications  to  the  prograuns  and  subroutines 
require  forethought  and  a  knowledge  of  FORTRAN  IV,  they  can 
be  accomplished.  The  results  of  such  changes  could  help 
save  money,  and  improve  the  quality  of  a  product  or  service. 


APPENDIX  B 
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•OlM  PfU  tt 


AiHctKANCN  MAMurACTuniMa  eoM^AMT  IN  REPLY  REFER  TO: 
A  •»  Tt  ■■■■fTT  »■*•>!»*—  15*10340106 

PMOKNIA.  41IIS9MA 

OrPICE  MEMO 


DATE:  October  17,1978 


TO:  c.  Whit« 

FROM:  R.  Wagner 


DEPT.84-B0  COPIES  TO: Distribution 

101-2 

DEPT.  93-391  EM.  4066 


SUBJECT:  Critical  Parts  List  4 

Applicable  Specifications 


After  several  meetings,  the  subject  of  which  was  the 
analysis  of  vendor  generated  and  CMS  data,  it  was  the  consensus  of 
Materials  Engineering,  Quality  Assurance  and  Manufacturing  Engineering 
personnel  that  the  use  of  control  charts  would  be  the  best  method.  In 
order  to  initiate  the  program  it  was  requested  that  Materials  Applications 
prepare  a  list  of  the  most  critical  components  and  the  specifications 
which  control  them,  such  that  the  data  could  be  collected  and  analyzed 
and  thus  control  charts  produced. 

It  is  the  goal  to  put  the  control  charts  into  the  EMS  specification. 

Tabulated  below  is  a  parts  list  for  disks  and  wheels  presently  used 
on  the  ATF3-6,  TFE731-2,  -3,  TPE331,  GTCP660  and  TSCP700  engines. 


Substantiation  Metallurgical 
Testing  Instructions  Control 

Part  Same  Part  No.  Material  (STI)  Requirements  Specification 


ATr3-6 


Fan 

3001249 

Ti-6-4 

5001 

Cl.-l 

EMS52458 

Fan 

3002539 

Ti-6-4 

5001 

Cl.-l 

EHS524S8 

1st  Stg.Comp. 

3002191 

Ti-6-4 

5001 

Cl.-l 

E.MS52458 

2nd  Stg.Comp. 

3002192 

Ti-6-4 

5001 

Cl.-l 

EMS52458 

3rd  Stg.Comp. 

3002193 

Ti-6-4 

5001 

Cl.-l 

E.MS52458 

4th  Stg.Comp. 

3002194 

Ti-6-4 

5001 

Cl.-l 

'EMS52458 

5th  Stg.Comp 

30C2145 

Ti-6-4 

5001 

Cl.-l 

E.MS52458 

HP  Comp. 

3002128 

T1-6-2-4-2S1 

5001 

Cl.-l 

AF5395 

HP  Turbine 

3001919 

Astroloy 

5001 

Cl. -2 

EMS52433 

2nd  Stg. Turbine 

3001281 

Waspaloy 

5001 

Cl. -2 

EF.S52449 

3rd  Stg. Turbine 

3001282 

Haspaloy 

5001 

Cl. -2 

EMS52449 

4th  Stg. Turbine 

3001283 

Waspaloy 

5001 

Cl. -2 

EMS52449 

Sth  Stg. Turbine 

3002095 

Super  Waspaloy 

5001 

Cl.-l 

EMS52434 

6th  Stg. Turbine 

3002097 

Super  Waspaloy 

5001 

Cl.-l 

EMS52434 

TrE731-2, 

-3 

Fan 

3072162 

Ti-6-4 

5001 

Cl. -2 

E.'-.S52458 

1st  Stg.Comp. 

3072193 

Ti-6-4 

5001 

Cl.-l 

AF539S 

2nd  Stg.Comp. 

3072191 

Ti-6-4 

5001 

Cl.-l 

Ar5395 

3rd  Stg.Comp. 

3072192 

Ti-6-4 

5001 

Cl.-l 

AF5395 
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TO:  C.  White  15-10340106 

Page.  .  .  2 


Part  Nane 

Part  No. 

Material 

Substantiation 
Testing  Instruct. 
(STI )  Peouirener.ts 

.Metallurgical 

Control 

Specification 

TFE731- 

-2,  -3 

4th  Stg.Conp. 

3072193 

Ti-6-4 

5001 

Cl. 

-1 

AF5395 

HP  Comp. 

3072639 

3070274 

Ti-6-2-4-2Si 

5001 

Cl. 

-1 

AF5395 

HP  Turbine 

3072112 

Astreloy 

5001 

Cl. 

-lor2 

E.MS52476 

HP  Turbine 

3072316 

Waspaloy 

5001 

Cl. 

-2 

E.MS52449 

1st  Stg. Turbine 

3072073 

Waspaloy 

5001 

Cl. 

-2 

E.M552449 

1st  Stg. Turbine 

3072351 

Waspaloy 

5001 

Cl. 

-2 

EMS52449 

2nd  Stg. Turbine 

3072369 

Waspaloy 

5001 

Cl. 

-2 

E.MS52449 

3rd  Stg. Turbine 

3072060 

Waspaloy 

5001 

Cl. 

-2 

EMS52449 

TPE331 


1st  Stg.Conip. 
1st  Stg.Conp. 
2nd  Stg.Csmp. 
1st  Stg. Turbine 


1st  Stg. 
2nd  Stg. 
2nd  Stg, 
3rd  Stg, 
3rd  Stg, 
3rd  Stg, 
3rd  Stg. 
3rd  Stg, 


Turbine 

Turbine 

Turbine 

Turbine 

Turbine 

Turbine 

T.rbine 

Turbine 


1st  Stg.Conp. 
2nd  Stg.Conp 
3rd  Stg.Conp. 
4th  Stg.Conp. 
1st  Stg. Turbine 
2nd  Stg. Turbine 


968219  ■ 

Ti-6-4 

5001 

- 

896223 

Ti-6-4 

No  SCS 

- 

869220 

Ti-6-4  , 

5001 

- 

967569 

IN-100 

5000 

- 

(867571-25) 

3101520 

Waspaloy 

5001 

EME52449 

968272 

IN-100 

5000 

EMS52466 

3101514 

lN-100 

5000 

EMS52466 

867571-11 

IN-713U: 

5000 

AF5358 

895539 

IS-713I,C 

5000 

A.''5358 

868630 

IN-713U: 

5000 

AF5358 

3101516 

Waspaloy 

5001 

EMS52449 

3101660 

IS-713LC 

5000 

AF5353 

GTCP660 

977328 

Tl-6-4 

5001 

Cl. -lo¬ 

AF5295 

963819 

Ti-6-4 

5001 

ci. -10 

AFE395 

969322 

Tl-6-4 

5001 

Cl. -10 

AF5395 

969=25 

Ti-6-4 

5001 

Cl. -10 

AF5395 

892312 

Waspaloy 

5001 

Cl. -2 

EM552449 

892813 

Waspaloy 

5001 

Cl. -2 

E.MS52449 

TSCP700 


1st  Stg.Conp. 
1st  Stg.Conp. 
2nd  Stg.Conp. 
3rd  Stg.Conp. 

.HP  Ccnp. 

HP  Turbine 
1st  Stg. Turbine 
2nd  Stg. Turbine 


969600 

Ti-6-4 

5001 

Cl. -10 

AF5395 

3636429 

Ti-6-4 

5001 

Cl. -10 

AF5395 

977201 

Ti-6-4 

5001 

Cl.-9orl0 

Af'5395 

977200 

Ti-6-4 

5001 

Cl.-9orl0 

AF5395 

3601136 

Ti-6-4 

5001 

Cl. -9 

AF5395 

977156 

Waspaloy 

5001 

Cl. -2 

EMS52449 

969562 

Waspaloy 

5001 

Cl. -5 

E.MS52449 

969561 

Waspaloy 

5001 

Cl. -2 

EMS52449 
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T«tt  H«thod« 

2.1.2  A«rosp«e«  N«t«ri«l  Sp«elfic«tien8 

AMS  2261  -  Tol«rane«8»  Niek«l«  l«ick«l 
B«M(  And  CobAlt  Baaa 
Alloy  Bort  and  for9ln9 
Stock 

AMS  2269  -  ChomicAl  Chock  AnolyolA 

Limits  I  Wrou9ht  Mickcl  and 
Nickai  Baao  Alloys 

AMS  2IOt  •  Zdontlfieation.  ror9in9S 

2.1.3  Ansrlean  Society  lor  Tostin9  ^d 
Materials  Specifications 

ASTN  B  S  •  Tension  Testinf  of 
Netsllic  Materials 

ASTM  B  10  •  Brinell  Basdsvess  of 

Mstallic  Hsterisls 

ASTM  t  112  *  Sstiaatins  Aversfs  CrsiA 
tise  of  Mstsls 

ASTM  B  139  -  Conductin9  Creep  and 

Tiae*fofBupture  Tonsioo 
Tests  of  Materials 

ASTM  B  354  •  Chemical  Analysis  of  Bigh* 
Temperature#  electrical# 
He9netic#  and  Other 
Similar  Iron#  Mickel#  and 
Cobalt-Base  Alloys 

3.  TECITNICAL  UOCIAEKENTS 

3.1  Chemical  composition  shall  eonfon  to 
the  follovin9  pereenta9e8  by  wei9ht#  deter- 
m.ned  by  wet  cheaueal  methods  rn  accordance 
with  AST.M  t  354#  or  by  spectrographic 
met.hods  in  accordance  wxth  Federal  Test 
Method  Standard  No.  151#  Method  112$ 


3.1.1  Variations  shall  confor 
requirements  of  AMS  2269. 


3.2  Condition 


3.2.1  Forqings  -  FerBinqs  shall  be  in  the 
follewiA9  condition  unless  othervise  speei- 
fiedt  Condition  A  -  aoiutlon-  and 
stabilisation-heat-treated}  Condition  •  - 
stabilixation-heat-treated  only;  Condition  C  - 
solution-heat-treated  and  stabilisation-heat- 
treated  only. 

3.2.2  For9in9  Stock  -  As  ordered  by  the 
forginq  manufacturer. 

3.3  Forgings  (Condition  A)  •  Forgings 
requiring  maeiima  elevated-tampereture  stress- 
rupture  properties. 

3.3.1  The  forging  shall  ba  aelutien-haat- 
trsatsd  at  a  salaetad  tai^araturs  and  tima# 
and  eoolod  at  a  rats  to  obtain  ths  speeitisd 
proport iss. 

3.3.2  Stabilise  at  1975*F  ♦IS  for  4  hours  and 
cool  at  a  rata  equivalant  to  a  rapid  air-cool. 

3.3.3  Fracipitation  haat  traat  at  1S50*F  ♦25 
for  4  hours  and  sir-cool.  Host  to  1400*F  ?or 
IS  hours  and  sir-eeol. 

3.3.4  Froportiss  sftsr  Frecipitstion  Haat 
Traataant  -  Tast  specirsant  shall  ba 

takan  from  tha  locations  shown  in  Figura  1. 

^3. 3. 4.1  Tensile  test  specimens  cut  from  the 
forging  and  tasted  st  room  temperature  shall 
conform  to  tha  following  requirenants: 


Yield  strength  (Q.2  percent 
offset)*  pel 

UltiJMte  tensile  strength, 
pel 

Elongation,  parcant  in  40 
Keduetion  of  area#  percent 


130,000  min 


170,000  sdn 
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MATERIAL  SPECIFICATION 


COOC  IKNT  NO 

mOfICATION  NO. 

J  BCV  LTB 

99193 

ens553i9 

1  « 

3. 3.4.3  Str«t8*r'4ptar«  •p^ciaan*  cut  fro* 
tho  for9in9t  shall  ba  aaintsinad  at  liOO*F  ♦$« 
vjndar  a  continuously  applied  axial  strass  o? 

20 « 000  psi*  and  shall  not  rupture  in  lass 
than  30  hours.  The  test  shall  be  continued 
to  rupture  and  the  elongation*  oeasured  at 
roo*  tenpetature*  shall  not  be  less  than  S 
percent  in  40. 


3. 3.4. 3 
to  400. 


The  irinell  hardness  shall  be  300 


3. 3.4.4  $olution-heat*treated  forgings 
shall  have  a  unifon  grain  site  of  ASTM  2  or 
finer*  with  occasional  grains  as  lar^  as  0 
permissible*  as  determned  by  coaparison  of  a 
polished  and  etched  speciasn  eith  the  chart 
in  AS7H  C  112. 

3.4  Forgings  (Condition  0)  •  forgrngs  with 
aaxiffiun  operating  tenperature  of  1S00*P* 
requiring  aaxiaivB  tensile  properties. 

3.4.1  The  forging  shall  be  stabilised  at 
19?S*F  «3S  for  4  hours  and  cooled  at  a 
Ainin‘xn"‘rate  equivalent  to  air-cooling. 

342  Precipitation  heat  treat  at  iSS0*f  ♦  25 
for  4  hours  and  aic-coel.  Beat  at  1400*p  ♦  25 
for  16  hours  and  air-cool 

3.4.3  Properties  after  Preeipitati^  Beat 
Treatment  •  Test  specimens  shall  be 

taken  froe  the  locations  shown  in  figure  1. 

3.4. 3.1  Tensile  test  specimsns  cut  from  the 
forging  and  tested  at  room  temperature  shall 
conform  to  the  following  requirements^ 


Yield  strength  (0.2  percent  140*000  min 
offset) *  psi 

Ultimste  tensile  strength*  105,000  min 

psi 

tlongstion*  percent  in  4D  10 «0  min 

Peduction  of  sres*  percent  10.0  min 

3.4. 3.2  Stress-ruptxire  specimens  cut  from  the 
forging  shall  be  maintained  at  1400*f  ♦S  undar 
a  continuously  spplisd  sxisl  stress  of*'05*000 
psi*  and  shall  not  rupture  in  less  than  23 
hours.  The  test  shall  be  continued  to  nature 
and  the  elongation,  measured  st  room  tempera¬ 
ture*  shall  not  be  leas  than  3  percent  in  4D. 

3.4. 3.3  Strest-rupt'ore  specimens  cut  from  the 
forging  s.hall  be  maintained  at  li00*F  under 
a  continuously  applied  axial  stress  of'*10*000 
psi  until  rupture.  The  elongstion  measured 

St  room  tsmpersture  snd  stress-rupture  life 
shall  be  reported. 


3. 4. 3. 4 
400. 


The  Brinell  hardness  shall  be  300  to 


3. 4 . 3 . 5  Stabilisation-heat-treated  forgings 
shall  have  a  substantially  uniform  grain  site 
of  A51M  3  or  finer,  with  occasional  grains  as 
large  as  1  permissible,  as  dettrvined  by 
collar Ison  of  s  polished  and  etched  specimen 
with  the  chart  in  ASTM  E  112.  When  a  dispute 
ever  grain  site  rasulta,  tha  Beyn'a  intercept 
method  shall  be  used. 

3.5  Forgings  (Condition  C)  -  Forgings 

requiring  tensile  and  creep  proper¬ 

ties  up  to  i500*F. 

3.5.1  Solution  heat  traat  at  a  tenpersture 
within  tha  range  1975-3075*F,  bold  at  the 
selected  tenperature  ♦15*F  for  four  hours, 
and  quaneb  into  moltan  salt  bath  at  600*F  ♦lO 
stabilise  at  bath  tea^rature*  and  air  eooT. 
Parts  may  he  oil  quenched  if  configuration 
permits. 

3.5.2  Stabilise  at  1600*F  *15  for  eight 
houre,  and  cool  to  room  tan^rature  at  a  rate 
•quivalent  to  air-coolr  heat  to  li00*F  ♦IS, 
hold  at  hast  for  four  hours*  and  cool  at  a 
rata  equivalant  to  air-cool. 

.3.5.3  Precipitation  hast  treat  at  1300*f  ♦25 
for  24  hours*  and  air-cool  to  room  teapera- 
tura;  heat  to  i400*F  ^25*  hold  at  hast  for 
sight  hours*  and  air-cool. 

3.5.4  Fropertiea  after  Precipitation  Best 
Treatmsnt  -  Tsst  speeimin  location 
■hall  he  as  specified. 

3.5. 4.1  Tensile  test  specimens  cut  from  the 
forging  and  tastad  at  room  ttmperatura  shall 
conform  to  the  following  requirements} 


Yield  strength  (0.2  percent  140,000  min 
offset) ,  psi 

Dltimate  tensile  strength,  195,000  min 
psi 

tlongstion,  percent  in  4D  16  min 

Beduction  of  area,  percent  IB  min 

3. 5.4. 2  Tensile  test  specimens  cut  fron  the 
forging  snd  tested  st  1400*F  ♦IQ  shall  con¬ 
form  to  the  following  requirements; 


Yield  strength  (0.2  percent 
offset),  psi 

Ultimate  tensile  strength, 
psi 

Clongstion*  peresnt  in  4D 
Beduction  of  srss,  percent 


125*000  sixn 


150,000  mir. 


20  min 
30  m:.n 
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MATERIAL  SPECIFICATION 


COM  lOCMT  NO 

t*ta.ic*TiON  NO. 

RCV  ITR 

99193 

DIS553I9 

C 

3.S.4.3  Str«ti*ruptur«  gp«cijwns  cut  froa 
th«  forgings  shall  bs  BaintaiA«4  at 
I400*r  4S,  undar  a  continuously  applied 
axial  stress  of  IS«000  psi*  and  shall  not 
rupture  in  less  than  30  hours.  The  teat 
shall  be  continued  to  rupture  and  the 
elongation,  measured  at  rooe  tn^rature, 
shall  not  be  less  than  17  percent  in  40. 


d  IDCMTXrXCATXOR 

ft.l  Porgings  shall  be  identified  in  accordance 
with  AMS  2»0d. 

d.3  The  forging  serial  nueber  shall  be  trace* 
able  to  the  billet,  position  in  the  billet, 
forging  lot  identification,  and  Bill  heat 
identification. 


3.S.4.4  A  siMoth  epeclBen  shall  be  Bain^ 
tained  at  1300*F  ♦$  under  continuously 
applied  stress  of~74«000  psi.  Tiae  to 
0.1  percent  plastic  defonation  shall 
average  not  less  than  ISO  hours,  with  no 
value  below  110  hours.  Creep  Bsasure* 
swnts  shall  be  taken  until  0.1  percent 
plastic  extension  is  attained.  Gauge 
diaensions  of  specioiens  and  techniques 
used  to  neasure  creep  shall  be  as 
agrsed  upon  by  purchaser  and  euppliar. 


7.  APPPOVAL  AMD  PPOCURCHCirr 

7.1  Xf  nacaeeary  to  SMka  any  change  in  eguip- 
Bsnt.  procedures*  or  techniques  efter  epprovel 
is  granted,  the  source  (forging  or  Bateriel) 
Baking  the  change  shall  obtain  written  per¬ 
mission  from  AiPeseereh  Natsrisls  Engineering 
and  Manufacturing  Engineering  Casting/Porging 
Design  prior  to  ^e  first  shipnent  incorporet- 
ing  such  a  chMge. 

t.  AEPOMS 


3.S.4.S  The  Brinell  hardnesa  shall  be 
313  to  403. 

3.5.4.4  Pully  heat-treated  forgings 
shall  have  a  aubstantially  uniform 
grain  eiie  of  AS7M  4  or  finar*  with 
occasional  grains  as  large  as  3  per- 
Bitsible.  at  determined  by  eon^arison 
of  a  polished  and  etched  speciaen  with 
the  chart  in  ASTM  B  113.  Whan  a  dispute 
over  grain  site  reeults.  the  ieyn*e 
intercept  smthod  shall  be  used. 

3.4  Forging  Stock 

3.4.1  When  e  staple  of  forging  stock 
is  forged  to  e  test  coupon  and  heat 
trestedas  inParsgraph  3.3#  3.4  or  3.S* 
test  speciBs.ns  taken  froa  the  heet- 
treated  coupon  shell  have  properties  as 
specified  in  Paragraphs  3.3*  3.4  or  3*5* 
as  applicabls. 

3.4.2  If  test  speciaens  taken  froa  the 
forging  stock  efter  heat  treatnent  con- 
fora  to  tha  requirements  of  Pare.  3.3.  3.4 
or  3.5.  ea  applicable,  the  teats  shell  be 
accepted  ea  equivalent  to  the  teats  of  the 
forged  coupon  of  3.4.1.  Neither  of  these 
testa  is  required  in  routine  inspeettoo. 

4.  PROCESS  CONTROL 

4.1  Forgings  shall  be  supplied  de¬ 
scaled  unless  otherwise  specified. 


B.l  The  supplier  of  forgings  shall  fumiah  to 
Aiheseareh  Receiving  inspection  with  each 
shipaent  e  report  of  eheaieal  ce^oeition  test 
reeulta  of  each  haat  in  the  ahipment  and  teat 
results  of  each  eixe  from  each  haat  to  deter¬ 
mine  conformance  to  the  technical  requireaente 
of  this  specification.  This  raport  shall 
ineluda  the  purchase  order  nxaber*  material 
specification  numbar  and  its  rsvision  letttr* 
heat  n^aiher*  sire*  and  quantity  from  each  heat. 
The  forging  part  ntaber  and  tha  site  of  stock 
used  to  maka  the  forgings  shall  also  ba 
included. 

1.3  The  supplier  of  finished  or  aeniflniehed 
parts  shall  furnish  to  AiReseareh  Receiving 
Xnspeetion  with  each  shipment  a  raport  showing 
the  pureheee  order  nuaber*  meterial  specifica¬ 
tion  number  and  its  revision  letter,  nane  of 
contractor  or  other  direct  supplier  of 
materiel*  pert  nober*  end  quantity.  When 
material  for  makine  parts  is  produced  or 
pureheeed  by  the  parte  supplier*  that  supplier 
shell  inspect  esch  lot  of  materiel  to  determine 
eonformence  to  the  requireaents  of  this  speei- 
fiestien*  end  shell  include  in  hie  report  e 
eteteaent  that  the  aeteriel  eonfom*  or  shell 
include  copies  of  leboretory  test  reports 
shewing  the  results  determining  conformance. 

f.  OOALZTT  CONTROL 

7.1  Forging  stock  shell  be  produced  by  vecuua- 
induetion  melting  or  by  vecu\a-induction  Belt¬ 
ing  followed  by  vacuua-ere  reaelting. 


5.  INSPECTION 


5.1  Tolerances  shall  be  in  accordance 
with  AMS  3241. 

5.2  Tensile  testing  shell  be  performed 
in  accordance  with  ASTM  E  4. 

5.3  Strcss-rugture  testing  shell  be 
performed  in  eceorda.nce  with  ASTM  £  137. 


^1  5.4  Sardness  shall  be  determined  in 
1 1  sccordance  with  ASTM  E  10. 


7.3  Forgings  shell  have  substantially  unifona 
mecrostrueture  and  grain  flow. 

7.3  The  product*  ee  received  by  the  purcheaer. 
ehall  be  uniform  in  quality  and  condition* 
sound*  and  free  from  foreign  aeteriels  and  frot. 
internal  and  external  laperfeetions  detrinental 
to  usage  of  the  product. 

7.4  Materiel  not  conforming  to  the  require¬ 
ments  of  this  specification  shall  be  rejected. 
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.  A;  F1>T  DISK  CONFIGURATIONS 


B:  INTEGRAL  COUPLING  DISK  CONFIGURATIONS 

X 


I 

C:  INTEGRAL  SHAFT  DISK  CONFIGURATIONS 


NOTE:  A:  DISKS  LESS  THAN  6  INCHES  IN  DIAMETER  USE  ONLY  SAMPLES  I,  3  AND 
5.  STRESS-RUPTURE  SAMPLES  FROM  RIM  AREA  POSITIONS  1  AND  5,  RT 
TENSILES  FROM  POSITIONS  2,  3  AND  4. 

B:  POSITIONS  1  AND  6  TO  BE  USED  FOR  STRESS -RUPTURE,  POSITIONS 
2,3,4  AND  5  TO  BE  USED  FOR  RT  TENSILES. 

Cl  POSITION  1  FOR  STRESS -RUPTURE,  POSITION  2  FOR  RT  TENSILE. 

ON  DISK  DIAMETERS  LARGER  THAN  6  INCHES  OTHER  TEST  LOCATIONS 
MAY  APPLY. 


FIGURE  1 

TEST  SPECIMEN  LOCATIONS 
FOR  FORGED  TURBINE  DISKS 
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1.  APPLICATION 

1.1  This  specification  provides  metallurgical 
control  procedures  and  acceptance  criteria  for 
forged  Astroloy  Condition  A  turbine  disks 
soecified  with  or  specified  without  integrally 
forged  test  rings. 


1.4.2. 1  One  hundred  <109)  percent  inspection 
applies  only  to  Class  1  forgings. 

1.4.3  A  forging  safnple  is  a  sample  selected 
at  random  from  a  forging  lot. 

2.  APPLICABLE  DOCUHCSTS 


1.1.1  Forged  components  shall  be  classed  as 
follows: 

Class  1  Forgings  required  to  have 
integrally  forged  test 
rings. 

Class  II  -  Forgings  without  inteorally 
forged  test  rings. 

1.1.2  If  nc  class  is  specified.  Class  I 
s.-.all  apply. 

1.2  The  following  manufacturino  procedures 
and  controls  are  specified: 

1.2.1  Fixed-process  verification 

1.2.2  Forging  lot  control 

1.3  The  following  ir.apection  procedures 
S'.d  tests  are  specified: 

1.3.1  .Nondestructive  mechanical -property 
testing 

1.3.’  Destructive  mechanical-property 
testina 

1.4  The  following  terms  used  in  this 
specification  shall  have  the  meaning 
as  defined  below: 

1.4.1  Forging  Lot  Definitions 

1.4. 1.1  Cists  1  -  All  forgings  msde 
consecutively,  to  the  finsl  eon^igurstion, 
'rom  e  single  master  best,  without  removal 
of  the  dies  from  the  forging  equipment. 


2.1  The  followino  documents  form  s  part  of 
this  specification  to  the  extent  referenced 
herein. 


2.1.1  AiPeseareh  Specifications 


BNSSS369  Alloy.  Corrosion-  and  Hest- 
Msistsntf  Nickel-Base  IS 
Cr-17  Co-S  140-3.5  Ti-4 
A1-0.02SB  (Astroloy  and 
Udimet  700) 


EnSS2406\  Forgings.  General 
CNSS2321  /ultrasonic  Inspection 


ErtS52  309  Fluorescent-Penetrant 
Inspection 


2.1.2  American  Society  for  Testing  and 
Materials 


C  fi-Tension  Testing  of  Metsllic  Materials 


3.  TECHNICAL  PEOUIREHENTS 

3.1  All  requirements  of  EMSSS399  shall  apply 
except  that  the  minimur  meehar.ical-property 
requirements  thsll  be  as  soecified  herein. 


u 


3.2  Forging  Identif iestion 

3.2.1  Bach  forging  shall  be  identified  by  a 
part  number  and  a  forcing  lot  nur^er  to 
provide  treceability  tc  starting  mill  best 
nvmibar.  Whan  specified,  each  forging  shall 
also  be  identified  by  a  serisl  number  to 
provide  traceability  to  starting  billet  number 
and  position  witiiin  the  billet. 


1.4. 1.2  Class  XX  -  Less  thsn  or  equsl  to 
33  forgings,  msde  consecutively,  to  the 
final  configuration,  from  a  single  master 
heat,  without  removal  of  the  dies  from 
the  forcing  equipment. 

1. 4. 1.3  A  fcrg;na  lot  number  it  a 
' -rier  rfisii'sned  to  a  forgino  lot. 

1.4.2  When  one  hundred  (inO)  percent 
. -.s'.-rt ;or.  is  specified,  the  forging 
/er.dcr  shall  perform  one  tensile  test  at 
room  temperature  on  a  specimen  teker  from 
the  integrally  formed  test  ring  from  eech 
forginc  in  all  forging  lots. 


3.3  Condition 

3.3.1  Heat-treated  in  accordance  with 
EM5SS309  Condition  A  unless  otherwise 
specified. 

3.3.1. 1  Forgings  with  their  test  rir.es 
intact  shall  be  solution  and  stabilization 
heat-treated. 

3.4  Mechanical  Properties 

3.4.1  Test  specimens  ta):en  from  forgings  and 
test  rincs  shall  be  in  the  fully  heat-treated 
condition  end  shall  exhibit  the  minimum 
prooerties  specified  in  Table  I. 


3.5  Fixed  Process  Verification 


3.5.1  The  vender  shall  establish  s  fixed 
process  in  accordance  with  EMSS2406. 
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3.6  Forqinq  Control 


3.6.1  Nondottructivo  Tostinq  ftoquiroaonto 

3. 6.1.1  A  10C-perc«nt  inspection  shell  be 
performed  on  ell  Cless  I  forqing  lots  by 
the  forqinq  vendor  until  sufficient 
statistieel  dete  is  obteined  end  reversion 
to  ^  lot  sannlinc  tnethod  is  agreed  upon 
via  established  procedures. 

3. 6. 1.2  A  100-percent  inspection  of  ell 
Class  1  forgings  shall  be  accomplished  by 
an/  new  ♦or'*inr  vendor  until  sufficient 
test  data  has  beer,  obtained  to  justify 

a  statistical  sampling  neehod. 

‘.6.1.3  A  lOO'percent  inspection  shell  be 
acc'"*"”  1 : shed  by  anv  fcrgino  vender  when 
there  has  been  an  aoreed-upon  perrnenent 
change  in  the  forging  oroeess  and  until 
sufficient  data  has  beer  obtained  to 
justify  e  new  sempling  method. 

3. €.1.4  When  the  foroing  vendor  has  made 
an  ir.advertent  charge  in  the  fixed  process 
durina  the  oroductior.  of  forgings,  except 
as  noted,  end  when  approval  through 
\i^eaearoh  has  beer  obtained,  then  10h« 
oercent  ir.soeotion  shell  be  accomplished 
for  those  forcings. 

If  any  of  the  test  ring  tensile 
'•rorertiet  are  below  r.inimup,  two  addi- 
•.  .r-.al  test  bars  from  the  same  test  ring 
shall  be  tested.  If  the  values  of  the 
retests  from  the  test  ring  exceed  t.he 
ri.nimur  values,  the  forging  is  to  be 
accented.  If  either  of  the  retests  fells 
below  the  minimum,  that  forging  shall  be 
re  iieeted. 

3.6.3  Ocstruetive  Mechanical-Property 
Testing 

3.6. 2.1  A  forging  sample  for  destructive 

testing  shall  also  be  taken  from  each 
production  forging  lot  by  the  forging  / 

vendor.  / 

3. 6. 2. 2  The  forcing  vendor  shell  perforr  j 

the  destructive  testing  on  test  specimens  I 
removed  from  each  sample  forging,  as  1 

S">ecified,  V, 

3. C.2.3  One-half  of  each  sample  forging  ( 

shall  be  sent  to  AiPesearch.  | 

4.  INSrECTlON 

4.1  Each  forging  shall  be  acid  etched  end  / 

visually  ir.sr^ected  in  accordance  with  / 

Appendix  I  at  4X  rinirur  magnification.  I 

4.2  Each  f'Taing  shall  then  be  fluorescent-^ 
**t  .-ar  •  inspected  in  arccrdance  with 

Class  1,  jsinc  a  Croup  V  penetrant. 
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4.3  When  ultrasonic  inspection  is  specified, 
each  forging  shell  be  inspected  in  accordance 
with  EMS52321,  end  the  appropriate  cless.  nie 
cless  of  inspection  shell  be  determined  by  the 
Bveximum  cross-eectionel  thickness  of  the 
forging,  *s  follows: 


Cless  of 
Inspection 


Thickness 

(inches) 

O-I 

Over  1-2 
Over  2-3. 7S 


4.3.1  For  thicknesses  over  3. 75  inches,  con¬ 
sult  AiReseerch  Quality  Assurance  for  elternete 
methods  of  inspection. 

4.4  All  Cless  X  end  Class  IX  forging  aes^les 
shell  be  tested  for  aechenical  properties. 

4.4.1  The  vendor  shell  remove  end  test  the 

specified  integrally  forged  test  ring  from  * 
each  forging.  e., . 

4. 4. 1.1  When  serialization  is  retired,  the 
test  ring  shell  beer  the  seme  serial  number 
ee  the  forging  from  which  it  wee  removed. 

4.4.2  Tensile  specioiene  shell  be  machined  end 
tested  in  eccord^ce  with  ASTH  E  i. 

5.  APPROVAL  OR  PROCUREMENT 

5.1  One-half  of  each  sei^Ie  forging  selected  I 

from  each  production  lot  for  destructive  | 

mechanical-properties  testing  shall  be 
forwarded  to  AiReseereh. 

5.2  The  forging  vendor  shell  store  the 
integrally  forged  test  rings  for  a  period 
of  two  yeers  from  the  dete  of  the  test 
reported,  end  these  rings  shell  be  made 
available  to  AiReseereh  upon  request. 

6.  QUALITY  CONTROL 
<■ 

6.1  A  test  rsport  shall  be  sent  to  AiReseereh 
Receiving  Xnepection  with  each  shipment  end 
shall  indicate  the  forging  lot  n\aber  and 
quantity  represented  and,  when  serialisation  is 
required,  each  aeriel  number  represented. 

6.2  The  test  report  shell  list  the  results  of 
the  destructive  lot  sample  teste  and  the  tensiifl 
results  from  all  test  rings  representing  the  I 
shipped  forgings  by  lot  number  end,  when 

^  eerislisetion  is  required,  by  seriel  number. 

6.3  One-hslf  of  each  sample  forging  selected 
for  destructive  testing  shall  be  chipped 
prior  to  or  with  the  first  production  forging 
from  ths  lot.  A  list  of  serial  numbera  in 
tha  lot  shall  be  submitted  with  each  sai^le 

^forging,  when  seriel isation  is  required. 

6.4  Fcrgings  net  corfomung  to  this 
speci f icstior  shell  be  rejected. 
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KECHANlCAt  PIUDPERTIES 
(MlftimuB) 


Test 

Tensile 


(Stress  Raptare 
(Smooth) 


Temp 

(iST) 

Stress 

(psi) 

Test 

Time 

(hri) 

Ultlmsts 

(pti) 

Yield 

0.2t 

Offset 

(psi) 

Elong^el^ 

(1  i\  4D; 

Reduction 
of  Ares 

(t) 

llooa  • 

- 

- 

170,000 

130,000 

i  * 

6 

•1200 

- 

- 

Report 

Report 

Report 

Report 

1400 

•SfOOC 

10 

• 

5 

*CIevsted  I200*F  tempereture  tensil*  test  results  ere  to  be  reported. 
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i. 


APPLICATION 


1.1  This  tp^eificAtion  provides 
metellur^icel  control  procedures  snd 
scceptsncc  criteris  for  forced  Wsspsloy 
turbine  components  specified  with  or 
specified  without  inte^rslly  forged 
test  rings. 

1.1.1  Forged  cofoponents  shell  be  clessed 
es  follows: 

Class  I  -  Forgings  required  to  have 
integrally  forged  test 
rings. 

Class  XZ  -  Forgings  without 

integrally  forged  test 
rings. 

1.1.2  Zf  no  class  is  specified*  Class  X 
shall  apply. 

1.2  The  following  manufacturing  proce¬ 
dures  and  controls  are  specified: 

1.2.1  Fixed-process  verification 

1.2.2  Forging  lot  control 

1.3  The  following  inspection  procedures 
and  tests  are  specified: 

!.3.1  Nondestructive  mechanical-property 
test ing 

1.3.2  Destructive  mechanical-property 
testing 

1.4  The  following  terms  used  in  this 
specification  shall  have  the  meaning  as 
defined  below: 

1.4.1  Forging  Lot  Definitions 

1.4. 1.1  Class  Z  -  All  forgings  made 
consecutively*  to  the  final  configuration* 
from  a  single  master  heat*  without  ramoTal 
of  the  dies  from  the  forging  eguipieant. 

1.4. 1.2  Class  ZZ  -  Ltss  than  or  equal  to 
33  forgings*  made  consecutively*  to  the 
final  configuration,  from  a  single  master 
heat,  without  removal  of  the  dies  from  the 
forging  eouipnent. 

1.4. 1.3  A  forging  lot  number  is  a 
number  assigned  to  s  forging  lot. 

1.4.2  One  hundred  (100)  percent  inspec¬ 
tion  requires  the  forging  vendor  to  per¬ 
form  two  tensile  tests--one  st  room  tes>- 
perature  and  one  at  1000*F— on  speeiiMna 
taker,  from  the  integrally  forged  teat  ring 
from  each  forging  in  all  forging  lota. 


1.4. 2.1  Ona  hundred  percent  inspection 
applisa  only  to  Class  Z  forgings. 

1.4,3  A  forging  sample  is  a  forging 
sslsctsd  St  random  from  a  forging  lot. 

2 .  APPLICABLE  DOCDNENTS 

2.1  The  following  doewsnts  are  a  part  of  thi 
spacification  to  the  axtsnt  refarenesd  herain. 

2.1.1  AiBaaaareh  Specifications 

ENS55388  Alloy*  Corrosion-  and  Hsat- 
■asiatant*  Mieksl-Base  19.5 
Ct-13  Co-4  No-1.4  A1  Nultipls 
Vaema  Nsltad  Solution  Haat- 
Treatad  (Haapaloy) 

EMS52406  Forginga*  Ganaral 

EH552321  Ultrasonic  Znapection 

EMS52309  Fluoreaoant-Penetrant 
Znapection 

NC5014  Narking  and  Traceability 
Bequiremanta 

3.  TECHNICAL  BEOUIBENENTS 

3.1  Forging  Identification 

3.1.1  Bach  forging  shall  be  identified  by  a 
part  nxanber  and  a  forging  lot  nxanber  to  pro¬ 
vide  traceability  to  starting  mill  heat 
ntanbsr.  Whan  spscifiod,  sseh  forging  shall 
also  be  identified  by  a  serial  number  to 
provide  traceability  to  starting  billet 
n;aber  and  position  within  tha  billet. 

3.2  Condition 

3.2.1  Solution  heat-treated  in  accordance  wit| 
EHS553B8  unless  otherwise  specified. 

3. 2. 1.1  Tha  forging  vendor  shall  solution 
heat-trsst  each  forging. 

3.2.2  After  solution  hast  treatment*  and 
prior  to  machanical-property  testing,  each 
test  ring  shall  be  si*^)lized  and  precioltatiol 
haat-treatad  as  specified. 

3.2. 2.1  Zf  the  forgings  are  to  be  supplied 
in  the  solution  heat-traated  condition,  the 
test  rings  shall  be  separated  from  the 
forgings  sftsr  solutionlng*  then  stabilized 
and  precipitation  heat-treated  prior  to 
testing. 
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3. 2.3.3  It  the  forgings  ere  ordered  in  the 
fully  he«t*treeted  condition*  the  inte9rel 
teit  rings  shell  be  etteched  to  the  forgings 
during  stebilisetion  end  precipitetion  heet<- 
treetisent*  then  removed  end  tested. 

3.2.3  Stebilisetion  Heet  Treetment  •  Meet 
to  15SQ*F  ♦2S*F*  hold  et  heet  for  4  hours* 
cool  in  eir. 

3.2.4  Precipitetion  Heet  Treetment  -  Heet  to 
140C*F  ♦2S*P«  hold  et  heet  for  16  hours*  cool 
in  eir." 

3.3  Test  specimens  teken  from  forgings  end 
test  rings  shell  be  in  the  fully  heet^^treeted 
conditions  end  shell  exhibit  the  minimum  proper* 
ties  specified  in  E.MSSS368. 

3.4  Fixed  Process  Verif icetior. 

3.4.1  The  vendor  shell  esteblish  e  fixed 
process  in  eccordence  with  EMSS2406.  The 
esteblished  fixed  process  shell  be  submitted 
to  AiResearch  for  approval  prior  to  acceptance 
of  production  parts. 

3.4.3  If  it  beco:nes  necessary  for  the  vendor 
to  make  any  change  in  the  fixed  process* 
written  approval  and  disposition  shall  be 
obtained  from  AiResearch  in  accordance  with 
established  procedures. 

3.4.3  Each  supplier  shall  keep  on  file* 
for  the  period  of  time  specified  in  MCS014* 
the  daily  records  of  ell  control  iters  in 
the  fixed  process  that  ere  recorded  con* 
ti.nuoutly  on  strip  cherts  or  circular 
cherts  or  checked  end  recorded  by  hand. 

All  process  controls  shell  be  personally 
audited  b>  the  supplier's  quality  control 
section  once  every  month  end  a  report 
filed. 

3.5  Forging  Lot  Control 

3.5.1  Nondestructive  Testing  Requirements 

3. 5. 1.1  A  100*percent  inspection  shell  be 
performed  or  ell  Class  X  forging  lots  by 

the  forging  vendor  until  sufficient  stetisti* 
cel  date  is  obtained  end  reversion  to  e  lot 
sampling  method  is  agreed  upon  vie  established 
procedures. 


3. 5. 1.2  A  100*percent  inspection  of  ell 
Class  I  forgings  shsll  be  sccomplished  by 
any  new  forging  vendor  until  sufficient 
test^sts  shsll  hsve  been  obtained  to 
justify  s  ststisticsl  ssmpli^n9  method. 

3.5.1. 3  A  100-percent  inspection  shsll  be 
accomplished  by  sny  forging  vendor  when 
there  has  been  an  agreed-upon  permanent 
change  in  the  forging  process  snd  until 
sufficient  test  dsts  shsll  have  obtained 
to  justify  s  new  sampling  method. 

3. 5. 1.4  Ifhen  the  forging  vendor  has  made 
sn  inadvertent  change  in  the  fixed  process 
during  the  production  of  forgings*  except 
as  noted*  snd  when  approval  through 
Airesearch  hat  been  obtained*  then  100- 
percent  inspection  shsll  be  accomplished 
for  those  forgings. 

3. 5.1.5  If  any  of  the  test  ring  tensile 
properties  are  below  minimum*  two  addi¬ 
tional  test  bars  from  the  same  test  ring 
shall  be  tested.  If  the  values  of  the 
retests  from  the  test  ring  exceed  the 
minimum  values*  the  forging  is  to  be 
accepted.  If  either  of  the  retests  falls 
below  the  minimum*  that  forging  shall  be 
rejected. 

3.5.2  Destructive  Hechsnicsl-Property 
Teating 

3. 5.2.1  A  forging  sample  for  destructive 
testing  shsll  also  be  taAen  from  each 
production  forging  lot  by  the  forging 
vendor. 

3. 5.2.2  The  forging  vendor  shall  perform 
the  destructive  testing  on  test  specimens 
removed  from  each  sajupls  forging*  as  shown 
in  Figure  1#  in  sccordsnct  with  BMS5538I. 

3. 5. 2.3  One-hslf  of  each  sample  forging 
shell  be  sent  to  AiResesreh. 

4.  inspection 

4.1  Each  forging  shall  be  acid  etched 
and  visually  Inspected  in  accordance 
with  Appendix  1. 

4.3  Each  forging  shall  then  be  fluorescent 
penetrant  inspected  in  accordance  with 
EKS52309,  Class  I,  using  a  Croup  V 
penetrant. 
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4.3  S«ch  forging  shall  bm  ultrasonic 
inspactad  in  aceordanea  with  EMSS2321  and 
tha  appropriate  class.  Tha  class  of 
inspaction  shall  ba  dataminad  by  tha 
majcinuB  cross-sactional  thicknass  of  tha 
forging,  as  follows: 


hPPftOVhL  OP  PPOCUREPIE.NT 


$.1  Ona^half  of  sseh  saaipla  forging  salactad 
fror  sach  production  lot  for  dastruetiaa 
nachanical-propartias  tasting  shall  ba  for* 
warded  to  AiPasaareh. 


Thickness 

(inehaa) 


Class  of 
Inspaction 


0*1 

over  1*3 
osar  3-5 
over  5-7 


5.2  The  forcing  vendor  shall  store  tha 
integrally  forged  test  rings  for  a  period  of 
two  years  froiR  tha  data  of  tha  test  reported, 
and  these  rings  shall  be  nade  available  to 
AiPeseareh  upon  request. 


OUALITY  CONTPOL 


4.3.1  If  pancake  forgings  with  flat,  paral¬ 
lel  faces  arc  produced  as  an  intermediate 
forging  operation,  these  forged  pancakes  may 
be  ultrasonically  inspected  in  lieu  of  the 
finished  forging. 

4. 3. 1.1  The  thickness  dimension  of  the  for¬ 
ged  pancake  shall  be  substituted  for  the  maxi^ 
mum  cross-sectional  thickness  of  the  finished 
forging  in  order  to  determine  the  ultrasonic 
inspection  classification. 


4.1  k  test  raport  shall  be  aant  to  AiPaaearch 
Pacaiving  Inspection  with  each  shipmant  and 
shall  indicata  the  forging  lot  nurter  and 
quantity  represented  and,  when  aerialiration 
ia  raquirad,  aaeh  aarial  nir\ber  represented. 


4.4  All  Class  1  snd  Class  II  forging  samples 
shall  tested  for  mechanical  properties. 


6.2  The  test  report  shell  list  the  results  of 
the  destructive  lot  saivple  tests  and  the 
teneile  results  from  all  taat  rings  rapresant- 
ing  tha  ahippad  forgings  by  lot  number  and, 
when  serialization  ia  raquired,  by  serial 
number. 


6.3  Hie  test  results  shall  meat  tha  require- 
nanta  of  ENS5536I. 


4.4.1  The  vendor  shall  remove  and  test  the 
specified  integrally  forged  test  ring  from 
each  forging. 

4.4.1. 1  When  serialization  is  required,  the 
test  ring  shall  bear  the  same  serial  number 
as  the  forging  from  which  it  wes  removed. 

4.4.2  Tensile  test  specimens  shell  be  mach¬ 
ined  with  0.25C-inch  reduced  sections  and  a 
l-inch  irinimuff  gauge  length. 


6.4  Ona-half  of  each  aas^le  forging  aelectad 
for  deatructiva  testing  shall  be  shipped 
prior  to  or  with  the  first  production  forging 
from  the  let.  A  list  of  serial  numbers  in 
the  lot  shall  ba  aufamittad  with  each  sarpla 
forging*  whan  sariaXisation  ia  required. 


6.5  forgings  not  conforming  to  this 
specification  ahall  be  rejected. 


t.4.3  Tensile  teet  specimens  sholl  be  strained 
St  a  rate  of  O.COS-inch  per  inch  per  minute, 
snd  the  rate  ma^-  be  increased  to  0.02-inch  per 
inch  per  minute  for  strains  beyond  the  yield 
point. 


I  ^  TEST  RIKG 


POSITION  1 


COnBirATION  STRESS  RUPTURE 


POSITION  2 


POSITION  3 


SI400TK  STRESS  RUPTURE 
lOOO^P  TENS2Z.E 


POSITION  4 


ROOK-TBHPERATURB  TEHSIX.E 


lESTPVCrtVE  TEST  SPECIMEN  REO’JIFEMENTS 
r->P  .*TRGC^  WASPALOj  T’  PPI.VE  riSKS. 
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1.  AtmZATiail 

1.;  Th^ft  MtariAl  is  fof  turft.M 

«;«kt.  chAfta.  ^Ita  aa^  fitt;»«a  o^arAt^t 
te  ;»3C«r. 

1.2  Thia  dac'.MArt  iaf^naa  tha  ra^«;AaaA%a 
ar  far^LT-Ct  aa^  srcaa-fallad  plat#  xb 

CcAd^t^ar.a  A.  1.  and  C.  aa  apacifiad. 

Cond.tior.  A  •  Mtarial  ra^^rtA;  •aai* 
•via  a^raaaTuptt^a 
pra^rtiaa. 

CoAditior.  •  •  ttatar^Al  ?afair^A«  aaai* 
mia  tanalla  ^ropartiaa. 

Condit^oa  C  •  ?haf«A:*aac.^AiiieAlly 

pracaatad  \7W'  aAtarial. 

1.3  ?ha  fellMlAf  tanu  -i^ad  la  tA^a 
•  pacif ;sAtiar  ahall  hava  tAa  aaAA^Jip 
aa  daf.nad  Palo%«: 


1.3.1  TiO  rafara  te  t>.arBAl  aachaeieaX 
fraeaaai.Af.  wb;eA  lavalvaa  warm  i^rkiAt 
dalaw  tr.a  rasryatAllliatior.  taaparatura. 


3.2  Crsaa-roll^fi  eenaiata  af  eaeafaXly 
tentrall.rf  radyctiOAA  througheut  dafena* 
9f.  prd;aia;.Af  fraa  la^et  te  fif.al  product 
ac  VA*.  t.*ara  are  ataantially  ar^al  aatoueta 
tt  a;9r9at;ef  it  the  tve  erthofcr.al  d«rac» 
c.ena  of  and  lar.fitA. 

2.  krP',:tA»tI  OOC3(C<7S 

2.1  ?ha  fallaw^.Ap  deci&a.^ta  Sara  a  part  of 
v.iB  apaeiSiSAtiae  ta  tda  aataftt  raSarar.sad 
>.afaiA. 

2.1.1  AfTW  SpaeiSitatlona 

t  $ 


Tata^or  raatinf  of  Matallie 
MatariAla 


t  112 


AK5  23<f 


Avaraft  tTBir.  Stsa  ef  Pietala, 
lat;AAt.ad  t&a 

2.1.2  AMS  Spaeifleat^ena 
AMS  22S1  TQlarar.raa  •  P«ekal.  Piekal  Baaa* 

and  Coealt  Baaa  Alley  Bara  and 
Per^.as  Bteck 

0.aA;9al  Ciack  Aralyala  liB^ta  • 
Vr9u9.*)t  Plckal  and  Pltaal  Baaa 
Alloya 

2.1.3  A^Baaaare!;  Ipacif^eat.3r.a 
MCS014  Harkiay  and  ?raeaaeil;.ty’ 

Aa7ij.;aM.*ta 
rBCBPlCAl  U3-:AL«ZM7S 
Cs 


■peaitaen 


Car Ben 

0.10  MX 

Ma&paraaa 

O.S?  aax 

Silicon 

0.73  MX 

Sulfur 

O.OIS  MX 

droaiva 

11.00  •  21. ( 

Cobalt 

12.00  •  IS.I 

pielyBdon'.s 

3.30  •  3.00 

Titafi^v* 

2.78  •  3,23 

Al  JMinuM 

1.20  •  l.fC 

3 1  r  cer.  i  ua 

0.02  •  0.22 

Boren 

0.01  MX. 

Iron 

2,00  MX 

Copper 

o,ie  MX 

Piekol 

ReMindar 

3.1.1  Ceaipcaitien  variatiena  ahall  »aat  t^a 
raqu^rasanta  of  tha  lataat  ;aiua  ef  AMS  23SB. 

1.2  CaAditieii 


3.2.1  forBlAf  and  eraaa-rellad  plate  ateek 
ahall  ba  auppliad  aa  erdarad  By  t.^a  aar.u* 
factuxar. 


3.2.2  PorstnBa  and  ertaa-rellad  plate  ahall 
Be  avppllad  aelutien  neat  treated  and  Saacalad. 
unlaaa  etr.arviaa  apac^fiad. 


3.3  Beat  Treat 


eat 


3.3.1  Belutier.  Beat  Traataant  {Cond.tiona  A 
aad  B>  I  Canditien  A  and  B  fersmpi  and  sroaa* 
relied  plate  ahall  Be  heated  te  a  taaparatura 
vithln  the  ranpa  of  1B3$  te  lB06*f*  Bald  at 
tfcia  aalactad  taeparat‘.tfa  viiMn  *2S*P  for 
4  beura*  then  eeelad  rapidly  in  air*  oil  or 
eaiar. 


3.3.2  Belutior.  Baat  Traatea.At  (Caf‘d;tion  C)  i 
ta  lieu  ef  the  aelutien  haat  trtataart  apeei* 
fled  abeva,  Cenditier.  C  fersiaBt  and  creaa- 
rellad  plata  ahall  Be  pl^aa  a  eedifiad  aelutien 
haat  trtasant  at  a  taaparat^ra  Bals^  tha 
Saata»pri»a  aelvua  mparaturt  ie  aeeorda.nee 
with  tha  auppliar’a  fined  proeeaa. 


3.2.3  StaBilitatier.  Baat  Trtataant  (Conditier.a 
A,  B  aad  C) }  Baat  te  llSd  *23*2*  held  at  haat 
for  4  Boura.  eeel  ta  air.  * 


3.3.4  Pracipltatiet  Baat  Traataant 
A*  B  and  C't  Baat  te  1400  he: 

fer  If  heiira*  eeel  in  air.  * 


Condi  tier.a 
d  at  haat 


3.4  Maeharieal  frapartiae 
3*4.2  Cenditiea  A 


3. 4. 1.1  Tanaila  teat  apaeiaar.a  cut  free 
ferpi.*>fa  or  ereaa^rellad  plata  and  taatad  at 
reoB  taare^e*'*^*  ir  aceaida.nsa  with  A5?M  t  B 
ahall  seat  tha  fellewiaf  eir.sMS  ra^u.rtaarta : 


a&ail 


Cltuu 

BBi 

Tiald  atranfth 
effaat:  pai 
Blenpatien.  parsant  ia  4D 
Aadwetiee  ef  araa.  parraat 


atranyth, 

(0.2  parraat 


110,000 

210.000 


22.0 

23.0 


3. 4. 2. I  Condition  A  Btfaaa*Buptara  Propartiaot 
SpacUaena  cut  free  foryinfo  or  ereoa-reiitd 
plate  ahall  Ba  taatad  under  tha  fellowinp 
cenditioaa. 


3.4.2. 2.2  A  Moeth  teat  apecieae  ahall  Be 
■eintainad  at  1300  •3*y*  under  a  eenti.*.ueualy 
appllad  axial  atraaa  eS  4?,SO0  pai*  and  ahall 
not  rupture  in  laaa  than  23  houra.  Tha  taat 
ahall  Be  eontiauad  te  rupture,  and  alorpatien 
Btxot  rupture,  oeaaurad  at  roe*  taaparatwro* 
ahall  ba  a  oa.hiaua  of  S  pareant  in  4D. 


OfTOO'l 


^AGC  3 


>k>'' 
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1.4. 1.2.}  A  eeafexaatioa  (aoeth  and  aeteh*4 
taat  apaciMn,  Bachinad  to  tha  dlaanalens  of 
riyura  1.  ahall  ba  aauitautad  at  1110  *1*F 
uadaz  a  eoatuiuoualy  appltad  aaial  atzaaa  of 
10.000  pal  aad  ahall  oot  nptuza  la  laao 
tnaa  11  houra.  Tha  taat  ahall  ba  eoatiauad 
to  ruptura.  Pallura  of  tha  aaaoth  taction 
than  not  occur  la  laaa  than  21  bouca.  but 
It  ahall  fail  la  laaa  tlaa  than  tha  aetehad 
taction,  tlonpatlon  of  tha  aaooth  taction 
aftar  ruptura  ahall  ba  a  ainlaua  of  1  par* 
cant  la  40.  oaaaurtd  at  teoa  taa^aratuza. 


1.4. 2. 2.1  A  aaooth  toat  tpaciaaa  ahall  ba 
aalatainad  at  1100  •!*?,  uadar  a  contlauoualy 
appllod  aalal  atraaa  of  42.100  pai.  aad  ahall 
aot  ruptura  la  laaa  thaa  II  houra.  Tha  taat 
ahall  ba  eoatiauad  to  ruptura,  aad  tha  alonfa* 
tlon  aftar  ruptura.  aaaaurad  at  rooo  taopara* 
turn,  ahall  ba  a  aiaiauo  of  1  pareaat  la  40. 


1.4. 1.2.1  Saparata  aaooth  and  aotehad  taat 
apaciaana.  aachiaad  froa  adlacant  aaetloaa 
of  tha  taaa  piaea  with  oauya  aaetiona  eon- 
fenuip  to  tha  ratpactiva  dlaantiona  of 
Fioura  1.  aay  ba  taatad  at  an  altamata 
proeadura.  ualnp  tha  taaa  taat  eonditiona. 
Tha  aaooth  tpaetaan  ahall  not  ruptura  in 
laaa  than  11  houra.  and  alonpatlon  aftar 
ruptura  aaaaurad  at  reoa  taaparatura  ahall 
ba  aot  laaa  than  1  pareant  in  40.  Tha 
aetehad  apaeiaaa  naad  aot  ba  taatad  to 
ruptura,  but  ruptura  ahall  aot  occur  la 
laaa  tioa  thaa  tha  aaooth  taction. 


1.4. 2. 2. 2  A  eeablaatlon  aaooth  and  aotehad 
taat  apaeiaaa,  aachiaad  to  tha  diaanniona  of 
Figura  1,  ahall  ba  aalatainad  at  1110  ll*F 
undor  a  eoatiauoualy  appllod  aalal  atraaa  of 
Tl.OOO  pai  aad  ahall  aot  ruptura  in  laaa  than 
21  houra.  Tha  tout  ahall  ba  centlauad  to 
ruptura.  Pallura  of  tha  aoeotb  taction  ahall 
aot  occur  la  loot  thaa  21  houra,  but  It  ahall 
fall  la  lata  tiaa  thaa  tha  notehad  aaetion. 
elongation  of  tha  aoooth  aaetion  aftar  ruptura 
ahall  ba  a  niaiaua  of  1  pareant  ia  4D, 
aaaaurad  at  rooo  taavaratura. 


1.4. 1.2. 4  Tha  taata  nay  ba  eonduetad  at  a 
higher  atraaa  laval.  but  the  atraaa  ahall 
net  ba  ineraaaad  uhila  tha  taat  la  in 
prograaa.  Tina  to  ruptura  and  alongauon 
roguiraoanta  ahall  ba  at  tpaelflod. 


1.4.1.]  gazdnaaa  of  the  fully  haaftraatad 
aatarial  ahall  ba  Prinall  111  to  401. 


1.4. 2. 2.1  taparata  aaooth  aad  notehad  taat 
apaelaaat,  naehlnad  fran  adjacaat  aaetiona 
of  tha  taaa  piaea  with  gauge  aaetiona  eon* 
fomiag  to  tha  raapactiva  dlaanaiona  of 
Figaro  1,  aay  ba  taatad  at  aa  altamata 
proeadura.  ualag  the  aaaa  taat  eonditiona. 

Tha  tnooth  apaciaan  ahall  aot  ruptura  la  lata 
than  21  houra,  aad  alongatioa  aftar  ruptura 
aaaaurad  at  reoa  taaparatura  ahall  ba  not 
laaa  thaa  1  pareant  in  40.  Tha  aetehad  apacl' 
nan  naad  net  ba  taatad  to  ruptura,  but  ruptura 
ahall  aot  occur  la  laaa  tlao  than  the  aaooth 
aaetion. 


1.4. 1.4  Ortih  tiioi  Fergiagt  aad  eraoa* 
rellod  Plata  haat  traatad  to  neat  tha 
property  roguiranonta  of  Condition  A  ahall 
have  a  aubataatially  uarfera  gram  aito  of 
1  or  finer,  with  oeeaaional  graina  at  large 
aa  1  paraiaaibla,  aa  datartmad  by  eoopari* 
aon  of  aa  atehad  apaeiaaa  with  tha  AITH 
I  112  ehart.  Xa  the  eaoa  of  a  diaputa,  tha 
Bayn'a  intareapt  aathod  ahall  ba  uaod. 


1.4. 2. 2. 4  Tha  taata  aay  ba  eonduetad  at  a 
hlghar  atraaa  laaal,  but  the  atraaa  ahall  net 
ba  ineraaaad  while  tha  teat  la  la  prograaa. 
Tlae  to  ruptura  and  alongatien  raquiraaanta 
ahall  bo  aa  apaeiflad. 


1.4.2.}  lardaaaa  of  the  fully  haaftraatad 
aatarial  ahall  ba  brlaoll  111  to  401. 


1.4.2  Condition  ■ 


1.4. 2.1  Tanailo  taat  apaeiaana,  cut  froa 
tha  forging  or  ereafrollod  plate  and  taatad 
at  tha  tonparaturaa  indicated  in  aecordaaca 
With  ASTM  (  I,  ahall  eonfoca  to  Ua  follew- 
mg  raquiraaanta.  Spaelaant  to  ba  taatad  at 
130a*r  ahall  ba  hold  at  .haat  for  10  ainutae 
prior  to  tatting,  lata  of  atraia  for  toot¬ 
ing  at  1004  -lO’F  ahall  ba  aaintainad  at 
approaiaataly  0.009  ineb  par  iaeh  par 
ainuta  to  tha  4.2  pareaat  yield  atrangth. 


1.4. 2. 4  Srtia  liaai  Fergiaga  and  erota- 
rollod  pitta  heat  traatad  to  aaat  tha  pcoparty 
raquirtaanta  of  Condition  ■  ahall  have  a  aub¬ 
ataatially  uaifora  gram  aiao  of  1  or  fmar. 
With  oeeaaioaal  graina  aa  largo  aa  1  paraia¬ 
aibla.  aa  dataramod  by  eoapariaoa  of  on 
atehad  apaemaa  with  tha  ASTM  E  112  chare. 

Xa  tha  eana  of  a  diaputa.  the  loyn'a  Intareapt 
aathod  than  ba  uaod. 


1.4.1  Conditlea  C 


Sili. 

119,004 


pltlatta  toatila  atrangth, 
pai 

[Tiald  atrangth,  (0.2  pareant  120,000 
offtat)  pai 

jClongation,  pareant  in  40  12.0 

|haduction  of  area,  pareant  19.0 


lOOO’F 

lOOiOOO 

110,004 


12.0 

19.0 


1.4. 1.1  Tanalla  taat  apaclMaa.  cut  froa  tha 
forging  or  eroat-rellad  plate  aad  taatad  at 
the  taaparacuraa  indicated  m  aeeordanea  with 
ASTM  t  I,  ahall  eonfera  to  tha  following 
roqulrmanta.  Spaciaaaa  to  bo  taatad  at 
1000  *10*F  ahall  bo  bold  at  boat  ter 
10  ouautaa  prior  to  taating.  hate  of  atrain 
for  tatting  at  1000  -10*P  ahall  ba  aaintainad 
at  apprexmataly  0.079  inch  par  inch  par 
ainuta  to  tha  0.2  pareant  yiald  atrangth. 


1.4. 2. 2  Condition  I  Straaa-Euptura  Propartioai 
Spaeiaont  cut  froa  forgiaga  or  ereaa-rollad 
Platt  than  ba  taatad  under  the  following 
eonditiona. 


rOHM  09704-1 


fasc 


""a  •‘*W  ’^•4,*’% 
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c 

tf  1000*P 
CIClJt4t«  t«nsx.X«  ttM/ifth*  190»0Q0  170«000 

9«i 

Yi«!d  Bxvnqth,  (0.2  percent  140«000  12S.OOO 
offset)  pel 

Slorfetion.  percent  in  4D  10.0  11.0 

Reduction  of  eree*  percent  11.0  12.0 

3.4. 3.2  Condition  C  Streoe-Pupture 
Prsperties:  Speeisiens  cue  froe  forpinpe  or 
cross-rolled  piste  shell  be  tested  under  tbe 
following  conditions. 

3.4. 3.2.1  A  cosiblnetion  saeeth  end  notched 
test  speeiaen,  eeehined  to  t.he  diaeneione 
of  figure  1,  shell  be  aeiRteined  et  1290 
.:nder  e  continuously  spplied  eniel  etrees^of 
99,000  pei  end  shell  not  rupture  in  lees  then 
12S  hours.  The  test  shell  be  continued  to 

upturn.  Peilure  of  the  ssMth  tection  shell 
iRot  occur  in  loee  then  12S  hours,  but  it 
s.hsll  fail  in  less  tiM  then  the  netebed 
section.  Clongetien  of  tho  seooth  soction 
sftec  rupture  shell  be  e  mnieua  of  10  por- 
jeont  in  40,  eoeeured  et  reoo  toi^oreturo. 

3.4. 3.2.2  A  codbinetlon  eaooth  end  notched 
test  apecioen,  aechined  te  t.he  dimensions  of 
figure  1,  shell  be  aeintsined  et  13S0  *9*P 
under  e  continuously  applied  ejtiel  otross  of 
79,OCO  pel  end  ehell  not  rupture  in  loee 
Chen  23  hours.  The  tost  shell  bo  continued 

rupture,  feiluro  of  the  saoeth  section 
shell  not  occur  in  loss  then  23  hour#*  but 
It  Shell  fell  in  lees  tine  then  tho  notched 
|ssction.  Klangetion  of  tbe  eaooth  eee^ton 
after  rupture  shell  be  s  mifujmm  of  S  por* 
Icent  in  40,  nessured  st  rooo  teoporeturo. 

3.4. 3.2.3  Sepsrste  mooth  end  aotchod  tost 
speciaons.  sechi.ted  free  sdtseont  soetioae 
jif  the  SOM  piece  with  gauge  sections  con* 
fsmi.tg  te  the  respective  diaonsioas  of 
figuro  1,  aey  be  tested  as  an  elteraeto 
procedure  te  the  above  ueiag  the  eeao  test 
conditions.  Tho  saoeth  speciaon  shell  not 
rupture  in  lees  then  33  or  133  hours,  ss 
epp^ieeblo.  end  olongeticn  after  rupture 

poesurod  at  roon  teaporeture  shell  bo  net 
lless  then  5  or  10  percent  in  40,  as 
kppliceble.  The  notched  speciaon  need 
pot  be  tested  te  rupture,  but  rupture 
^ell  not  occur  in  lees  tiae  then  tho 
isiocth  section. 

3. 4. 3. 2. 4  The  above  stress-rupture  tests 
’’•ey  be  conducted  it  •  higher  stress  lowol, 

»ut  the  stress  shall  net  bo  ineressod 
^hils  tho  tost  is  in  progrsss.  Tiae  to 
‘upture  and  elengetion  reguirsaonte  etisll 

ss  specified  above. 

E.4.3.3  Rerd.teee  of  the  fully  hoet-troetod 
reterial  shell  be  Irirell  313  to  403. 


3. 4.3. 4  Groin  ilss<  Forgings  sad 
erees-rellod  plots  host  trsstsd  te  asot  the 
property  roguireaor.ts  of  Condition  C  snsll 
hsvs  s  substentislly  ur.ifera  groin  sise  of 
3  or  finsr,  with  oeesslonel  groins  ss  Isrgo 
ss  1  poraiealbls,  ss  dstsrainsd  by  cooper i- 
■oa  of  an  stehod  speciaon  with  the  astf 
C  112  chert.  In  ths  esse  of  e  dispute,  tho 
■oyn's  lotoreopt  aothed  shsll  bo  used. 

3.S  Forging  ftoek 

3.5.1  Mhsn  s  seapls  of  forging  or  eress- 
rellod  piste  stock  is  fergsd  or  rolled  te 
s  tost  coupon  end  host  trosted,  spociaons 
taken  frea  ths  coupon  shsll  have  proportise 
eenfecaing  to  tho  rsguirsaonts  specified. 

3.3.2  It  ipociaens  taken  frea  tho  forging 
or  erees-rellod  plots  stock  sro  host  trseted 
end  have  proportise  conforming  to  tho 
rsquireaonts  spoeifiod,  tho  tost  shell  bo 
eeeoptod  ee  equivalent  te  the  test  of  e 
forged  or  rolled  coupon. 

4.  PPOCtSS  CONTMt 

4.1  Forging  end  cross-rolled  plats  aetsriel 
Shell  bo  produeod  by  veeuia  induction  molting 
followod  by  veeuxa  ere  rsaolting. 

4.1.1  netoriel  for  eroes-rollod  plett  aey  bo 
oloetro-eleg  raeoltod. 

9.  mSfCCTXOH 

3.1  Tolorebcos  shell  conform  te  tho  Istost 
issue  of  ANS  2211  as  epplieeblo. 

d.  XPCfTZFXCATIOK  AMP  PACXIIIG 

1.1  Forgings  end  cress-rellsd  plots  shell 
bo  identified  la  eceerdeaes  with  HC3014. 

7.  APPROVAL  OR  PROCOR£MCMT 

7.1  It  ascsssery  to  aeks  any  change  in 
equipment,  procedures,  end  tsc.hniguss  after 
spprovsl  is  granted,  ths  source  (forging  or 
■stsrisl)  shall  obtain  pexaission  froa 
AiRsesereh  Metsriele  Cnginssriag  end 
Kenufecturlng  Cngir.ssring  prior  to  tho 
dltst  shipment  incorporsting  such  ehengs. 

9.  REPORTS 

1.1  Tho  supplier  of  ths  aster isl  shell 
furnish  with  sseh  shipment  a  report  of 
ehenicel  composition  end  test  results  on 
eech  host  te  determine  coaforaence  te  tho 
toehnieel  roquiroaonts  of  this  specif ieetion. 
This  report  shell  include  site  of  the 
eriginel  heet,  the  pureheee  order,  smteriel 
kpscif leetion,  heet  nusiber,  forgi.ng  or 
eross-rollod  plate  pert  nuaber.  end  six# 

stock  used  to  aeks  t.he  fergi.ngs  or  piste. 
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II. a  T&«  supplier  of  fiAipb«4  or 

fxAiihod  ports  sKoil  fusAxsh  wxtb  ooeh 
shipMnt  0  roport  sbovxni  tho  fuontxty* 
porcAoso  ordor*  astoriols  spocxfxeotioo* 
eontroetor  or  otiior  dxroet  suppixor  of 
aotorioX.  ond  port  nusMr.  Mioa 
ootorxoi  for  ookxai  ports  is  produeod 
or  purehosod  by  tAo  ports  supplxor*  tho 
supplior  sholl  xnspoet  ooeh  lot  of 
ootorxol  to  dotormxn#  eonferaonoo  to 
tho  ro^xroBonts  of  this  spocxfxcotxoa« 
OAd  sholl  xnelttdo  la  hxs  roport  s  ototo* 
•oat  that  tho  hstoriol  eonforao*  or  sholl 
iaeludo  tho  rosults  of  lohorotory  toots 
that  dotorvino  eonformonco. 

9.  QUALITY  COirritOL 

19.1  Tho  •storiol  Sholl  bo  uAxforo  ia 
quality  and  condition,  sound*  oad  froo 
froo  foroiqn  ostorisls  ond  froa  xatomol 
and  oatornol  ioporf actions  dotriMotoi 
to  usoqo  of  tho  ostoriol. 

9.3  Hotorisl  not  conformxnq  to  tho 
roquirooonts  of  this  spoexfisotioe  sholl 
bo  ro]oetod. 
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Center  Cage 


Specimen  Dlemetec 


NisBoer 

G,  Inch 

C 

D,  min 

E,  min 

F 

H 

R,  min 

RR 

1 

0.160 

VB 

0.65 

3/B 

0. 160 

0.226 

0. 125 

0.005 

2 

0. 178 

VB 

0.75 

3/8 

0.178 

0.250 

0.125 

0.005 

3 

0.252 

V8 

1.0 

V8 

0.252 

0.375 

0.125 

0.007 

Tolerance  cO.OOl 

tl/lS 

— 

— 

to. 001 

to. 003 

— 

to. 0005 

Note  1.  Finish  the  specimen  to  8  or  better  on  all  "£"  surfaces. 

Note  2.  The  difference  between  dimensions  "F"  and  "C"  shall  not  exceed 
0.0005  in.  for  specimens  1  and  2.  The  difference  shall  not 
exceed  0.001  in.  for  specimen  3. 

Note  3.  Taper  gage  length  "D"  to  center  so  chat  diameter  "G"  at  the 

ands  of  the  gage  length  exceeds  diameter  "C"  at  the  canter  of 
Che  gage  length  by  0.0005  •  0.0015  inch. 

Note  4.  All  sections  shall  be  concentric  about  the  specimen  axis  within 
0.001  inch. 

Note  5.  Thread  size  "T"  .shall  be  equal  to  or  greater  than  "H". 

Note  6.  Dimensions  "A"  and  "B"  are  not  specified. 

FIGURE  1 

COMBINATION  SMOOTH-AND-NOTCHED  TEST  SPECIMEN 
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SUBSTANTIATION  TEST  INSTMICTION  -  FORGINOS 


I.  SCOPE 


1.1  Purpose 


This  subatentletlon  test  instruction  (STI)  document  astsblishss 
Bubstantiation  teat  requiresMnts  and  procedures  to  establish  and 
approve  a  source  for  a  forging  represented  in  a  unit  that  requires 
qualification  (military)  or  certification  (civil,  which  includes 
commercial  and  industrial)  tests. 

Testing  shall  be  performed  for  the  following  conditions: 

(a)  A  change  in  the  fixed  process. 

(b)  The  modification  of  part  configuration. 

(c)  The  addition  of  new  sources. 

NOTE:  Testing  for  conditions  (a)  and  (b)  shall  be  accomplished 
only  when  it  is  established  by  the  Engineering  Project 
that  the  change  or  edification  is  significant  enough 
to  affect  mechanical  properties. 

1.2  Definitions 

Product-Line  Category  -  A  product-line  category  is  the 
alphabetical  designation  for  the  originating  Engineering 
Project.  See  Table  I. 

Test  Class  -  A  test  class  is  the  numerical  designation  for 
a  specific  test.  See  Section  3. 
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TABLE  2 

PAOOUCT-LZME  ENGZUEERXNG  PXOJZCT  CAXSGORZES 


Category 

Engineering  Project 

Applicable  Project 

Test  Classes 

A 

Aircraft  Propulsion  Engines 

1,  2,  or  3 

B 

Gas  Turbines  <Iian-’Aireraft 
Propulsion) 

1  through  10 

C 

Turbine  Sterters 

1,  2,  or  3 

0 

Air  Hotor  Actuator  SystesM 

1,  2,  or  3 

E' 

Control  Systeas 

If  2,  or  3 

F 

Turbina  Motors 

1,  2f  or  3 

8TZ-5001B 
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2.  REQUIREMENTS 

2.1  Soure*  Selaetion  Xpprovl 

Vendors  must  qualify  ss  either  s  Trial  or  Approved  Supplier  in 
accordance  with  AiResearch  Operational  Procedure  4.90  before  inspec¬ 
tion  of  the  vendor's  forging  is  initiated. 

2.2  Test  Requirements  and  Acceptance  Criteria 

The  following  analyses  and  tents  shall  be  conducted  on  a  candidate 
forging  or  forgings  as  appropriate.  Proposed  alternate-source  forgings 
used  in  substantiation  tests  shall  be  identical  in  materials,  fabrica¬ 
tion,  processing,  and  all  other  respects  with  subsequent  production 
forgings.  No  changes  shall  be  made  without  AiResearch  approval. 

2.2.1  Chemical  Analysis 


Material  certification  by  the  vendor  is  required.  When  deemed 
necessary,  a  certified  copy  of  the  chsnical  analysis  report  from  a 
source  acceptable  to  AiResearch,  to  determine  that  the  forging  material ( 
comply  with  the  specified  materials,  shall  be  furnished  to  AiResearch 
with  the  candidate  forging. 

2.2.2  Physical  Analysis 

Material  certification  by  the  vendor  is  required.  When  deemed 
necessary,  a  certified  copy  of  the  physical  analysis  report  from  a 
source  acceptable  to  AiResearch,  to  determine  that  the  forging  complies 
with  applicable  data,  shall  be  furnished  to  AiResearch  with  the  candi¬ 
date  forging  (s). 
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2.3.3  EnqinRRrinq  Smip1r« 

Prior  to  beginning  e  forging  test  progrsa,  et  lesst  one  saaple 
forging  representative  of  the  type  to  be  tested  that  has  undergone 
complete  chemical  and  dimensional  inspection,  as  appropriate,  shall 
be  submitted  by  the  Quality  Control  Departswnt  to  Engineering  for  a 
comprehensive  process  analysis  and  evaluation.  A  record  of  any 
deviations  from  the  forging  requirements  on  a  Pirst-Article  Inspection 
Report  shall  accompany  the  sample. 

2.3  Substantiation  Data 


2.3.1  Retention 

Retention  of  substantiation  test  data  shall  be  in  accordance 
with  the  applicable  operational  procedure (s)  in  the  AiResearch 
Operational  Procedures  Manual. 

3.3.2  Data 

Quality  Control  shall  verify  receipt  of  and  shall  check  confor¬ 
mance  with  the  following  data,  when  applicable,  except  for  chamical 
analysis,  which  shall  be  checked  by  the  Chemical  I.aboratory  as 
applicable. 

(a)  Material,  chamical,  and  physical  analysis  reports  or 
certifications,  as  applicable 

(b)  Heat-treat  certification  compliance,  as  applicable 
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(e)  Plating  cartification  cooplianea,  aa  appllcabla 
(d)  Suppliar  procass  ahaats,  aa  appllcabla 
(a)  Zyglo  report  or  aMgnatlc-partiela  inapaetion  raport 
(£)  X-ray  accaptability 

(g)  Vendor  certificate  of  compliance 

(h)  Inapection  layout  raport 

(i)  Meaaurad-data  ahaat 

(j)  Firat-article  inapaetion  racord 

(k)  Teat  reporta  (required  claaa  teata) 

(l)  Receiving  reporta 

(m)  Held  certification,  aa  applicable 

(n)  Vendor  drawing (a),  aa  required 

(o)  Grain  flow  aaavla 
2.4  Claaa  Test  Oata 


Teat  data  ahall  be  recorded  on  the  appropriate  data  ahaata.  In 
addition,  a  teat  log  almilar  to  Data  Sheet  Form  DS-39S7,  Qualification 
Teat  l>og  Form  P5330,  or  Laboratory  Data  Shaat  Form  PS177A  ahall  be 
uaad  by  the  teat  tachniciana,  where  applicable,  and  ahall  be  maintained 
for  the  complete  teat. 
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3.  TEST  CLASSES 

3.1  ApplicAbility 

Test  classes  that  follow  in  this  section  shall  be  applicable. 
Field  evaluation  in  the  end  unit,  acceptable  to  Engineering,  may  be 
substituted  for  test  Class  1.  Such  evaluation  must  be  appropriately 
documented  and  data  retained  as  prescribed  in  Paragraph  2.3.1. 
AiResearch  shall  conduct  the  testing  for  these  classes. 

3.2  Test  Class  1 


The  Engineering  Project  will  determine  if  a  forged  part  from  an 
alternate  vendor  shall  be  subjected  to  a  supplemental  qualification 
test.  They  shall  also  specify  the  quality  and  magnitude  of  the  test. 

3. 3  Test  Class  2 

Class  2  testing  is  to  be  conducted  in  accordance  with  the  procedure 
in  the  following  subparagraphs.  This  procedure  may  be  modified  by 
Engineering  Project  by  issuing  supplemental  instructions. 

3.3.1  Material  Properties 

(a)  Turbine  (Waspaloy)  -  A  minimum  of  five  forgings  from  each  of 
a  minimum  of  two  master  heats  incorporating  two  heat- 
treat  lots  (10  forgings  minimum)  shall  be  destructively 
tested  prior  to  fixed  process  approval.  Testing  shall 
consist  of  the  followings 
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(1)  TWO  rooo-toB^raturo  tonailos  par  forging 

(2)  Two  X000*F  tanaiXaa  par  forging 

(3)  Two  X3S0*P  atraaa-ruptura  por  forging 

(4)  On#  XSOO*F  atraaa-ruptura  par  forging 

(5)  Tan  rooa-taaparatura  and  XO  aXavatad-taaparatura  Xow- 
cycXa  fatigua  apaciaana 

MOTE:  Tha  Xoeation  on  tha  forging  froa  which  tha 
taat  spaeiaana  ara  to  ba  aachinad  ahaXX  te 
aatabXiahad  by  Enginaaring  for  aach  config¬ 
uration.  Taiqparatura  for  Xow-cyeXa  fatigua 
tasting  ahaXX  ba  dafinad  by  Enginaaring. 

(b)  Turbina  (Super  WaspaXoy)  -  A  ainiaia  of  fiva  forgings  froa 

aach  of  a  stiniaua  of  two  aastar  heats,  incorporating  two  heat 
treat  Xots  (XO  forgings  ainiaua) ,  shaXX  ba  dastructiveXy 
tastad  prior  to  fixad-process  approvaX.  Tasting  shaXX  con- 
s',«t  of  the  foXXowing: 

(1)  Two  rooa-taaparatura  tansiXas  par  forging 

(2)  Four  X200*F  tansiXas  par  forging 

(3)  Two  XXS0*F  strass-rupturas  par  forging 

(4)  Two  X2S0*F  strass-rupturas  par  forging 

(5)  Tan  rooa-taaparatura  and  six  aXavatad-taaparatura  Xo«r- 
cycXa  fatigua  spaciaans 

NOTE:  Tha  Xoeation  on  tha  forging  froa  which  the 
test  spaciaans  are  to  ba  sMchinad  and  tha 
axact  test  conditions  shaXX  ba  astabXished 
by  Engineering  for  each  configuration.  Tea:- 
parature  for  Xow-cyeXe  fatigua  testing 
shaXX  ba  dafinad  by  Enginaaring. 

(e)  Coaipressor  -  If  a  ehanga  in  tha  fixad  procass  or  configura¬ 
tion  is  raquirad  with  a  currant  vendor,  a  adnioua  of  two 
forgings  froa  two  aastar  heats  incorporating  two  heat-treat 
Xots  (four  forgings  ainiaua)  shaXX  be  dastructiveXy  tested 
prior  to  fixed-process  or  configuration-change  approvaX. 
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APPLICATION 


M*  LT* 

C- 


1.1  This  specificsrion  covers  alrcrafc-qusllr/  forged  parts 

produced  by  processes  in  which  controlled  plastic  da> 
sonaation  under  iapact  or  pressure  is  used. 


1.2 


1.3 

1.3.1 


Forginps  in  accordance  with  this  specification  shall  be 
classified  as  follows: 

CLASS  1  (A)  Rotati.ng  parts  operating  at  tesperarures 

in  excess  of  1000*?,  such  as  integral 
turbine  wheels,  turbine  disks,  and  ex> 
dueers. 


.  .  (B)  Rotating  parts  operating  at  tenperatures , 

from  room  temperature  to  1C0C‘?',  such  as 
integral  compressor  wheels,  compressor 
wheel  disks,  inducers,  impellers,  and 
fans. 

CLASS  II  Inserted  blades,  buckets,  and  vanes. 

CLASS  III  Containment  rings. 


CLASS  IV 


CLASS  V 


General  application  shafts,  structural  parts, 
housings,  fitti.ngs,  ri.ngs,  and  gears. 

(A)  Forqin;  fi:<ed  process  NOT  reouired. 

(B)  for^i.ng  fixed  process  required. 

Torqinqs  for  cryogenic  applicetions. 


Forgi.ng  class  shall  be  specified  when  rcfere.ncing  this 
specification. 

When  Class  ZV  is  specified  without  e  subclass  of  either 
"A"  or  ".B",  then  Class  IV  A  s.tall  apply. 

APPLIC/3Lt  DOCUMENTS 


The  following  documents  are  applicable  to  the  extent  herein 
referenced. 


2. 

2.1 
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Ha«t  Trearrent  -  Heat  treaesent  shall  be  as  specified. 

Only  approved  vendors  shall  be  used  far  heat  creating. 

Cleaning  -  Forgings  shall  be  furnished  descaled. 

Ticaniun  forgings  shall  not  be  cleaned  by  i:n:er$ion  in 
acid  wichouc  Che  prior  approval  of  AiResearch. 

Grain  Flow  •  Crain  flow  shall  be  as  specified.  Crain  flow 
shall  also  show  no  evidence  of  the  billet  having  been 
cocked  when  upsetting. 

Displacenenc  of  the  centerline  of  the  billet,  with  respect 
to  the  centerline  of  the  forging,  shall  not  e.^ceed  one- 
tenth  the  outer  dianeter  of  the  wheel,  irpeller,  disk, 
and  gear  forgings,  or  shall  not  exceed  inch,  whichever 
is  Che  ssiallesc. 

Ko  evidence  of  buckling  of  the  billet  shall  be  pemissiblc. 
PROCESS  CONTROL 

Class  I  forgings  shall  be  forged  froa  round  or  octagon 
billets.  Round  cornered  square  billets  cay  be  used  only 
if  a  separate  forging  operation  is  used  to  shape  Che  billet 
into  a  round  or  octagon.  . 

aillet:  shall  be  prepared  such  that  the  ends  are  essenciallv 
parallel. 

Initial,  upset  shall  be  on  and  grain. 

Where  radiel  properties  are  necessary  close  to  the  center  of 
upset  type  forgings,  similar  to  Skeccnes  IS,  2B,  3B  and  ds 
billets  shall  be  icrged  capered  on  the  ends  before  perfcrru.n 
Che  initial  upsatcing  operation. 

For  Class  I  forgings,  rtliaf  shall  ba  provided  in  blocker 
and/or  finish  dies  to  center  billets. 

Figures  1  through  11  show  typical  forging  config-jracior.s 
and  grain  flow  patterns. 

Figures  1  through  5  show  disk,  integral  shaft,  inpeller  and 
finger  forgings  applicable  to  Class  I  forgings. 

Figure  6  shews  typical  grain  flow  pattern  for  threudsd  and 
unshrouded  blades  represantacive  of  Class  IZ  forgings. 

Figure  7  shews  gralnflow  requirenents  for  Class  111 
contair.r.er.t  rings. 
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Class  III  rings  shall  ha  manufaecurtd  by  ring  rolling  or 
Biandrel  forging. 

Figures  8  through  11  show  typical'  configurations  applicable 
to  Class  XV  gear  blanks. 

Proposed  forgings  for  Classes  I  anij  II  or  of  an  unusual  or 
special  size  for  ocher  classes  shall  be  coordinated  with 
the  applicable  engineering  groups,  Manufacrurlng  Engineering 
Group,  and  Materials  Engineering. 


1NSPEC71CK 

Inspection  tests  required  shall  be  perforsed  by  the  vendor 
or  other  AiRese arch- approved  source. 


IDENTIFICATION  AND  PACKING 

Forgings  shall  be  identified  in  accordance  with 
AiResearch  Specification  MC5014. 

APPROVAL  OR  FR0C’JR£:-E:rr 

Destructive  Testinz  -  The  first  representative  part  produced 
of  a  forged  ccr.tiguraticn  shall  be  sectioned  and  tested  to 
assure  confcrrar.ee  u-ith  the  applicable  engineering  recuire- 
ments.  Vendor  shall  not  proceed  with  the  production  forgings 
for  Classes  I  throug'n  III  and  V  until  test  results  on  the 
destruct  forging  have  been  approved  by  AiResearch  Materials 
Engineering. 

Changes  in  Forging  Prccedure  -  The  following  shall  be  con- 
sicered  as  changes  in  the  forging  procedure  and  shall  be 
cause  for  re-evaluation  of  technical  requirements  in  accord¬ 
ance  with  paragraph  7.1. 

Changes  in  size  or  configuration  of  forging  stock. 

Significant  changes  in  die  configuration. 

Changes  in  die  sequence  and  heating  and  forging  cycles. 
Changes  in  heating  tesperarures  and  times. 

Any  change  in  the  amount  of  final  hot  work .reduction  imparted 
CO  Che  forging  following  the  last  heating  operation. 
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REPORTS 

Porcine  Procedures  -  Forcing  vendors  shall  prepare  a  written 
forgin?  procedure  ior  Class  1  through  Class  III,  and  Class  IV 
B  forgings,  and  suonit  a  copy  to  AiSesearsh  'or  approval  of 
Che  procedure  with  first-order  shlpnencs  and  prior  to 
forging  second-order  parts.  This  forging  procedure  shall 
list  in  detail  all  operations  and  procedures  used  by  the 
vendor  in  the  mar.ufacrure  of  the  forged  parts,  along  with 
upper  and  lower  control  lisits  for  these  operations  where 
applicable. 

A  forging  procedure  shall  consist  of,  but  shall  not  be 
limited  to.  the  following  items: 

Forgings  stock;  size  and  weight.  Zn  addition,  for  rings, 
starting  CO.  thickness,  and  initial  13  hole  size. 

Die  lubricant. 

Preheat  furnace;  identity,  acsosphere,  and  temperature. 

Forging  equipment;  identification,  r/pe,  and  size. 

Initial  furnace  soak  time  and  ttmperarure  range  . 

On-die  t*mperaturo,''ef£-dl5  temperature  for  each  forgi.-.g  cycla 

Number  of  biotas,  revolutions,  and  passes  for  each  forging 
cycle,  give  range 

Number  of  reheats  required  specific  nus:ber  ,  soak  tine 
range  ,  and  teaperacurc  range  . 

In-process  conditioning,  grinding,  and  inspections. 

Heat-treat  cycle,  if  required,  including  r/?e  of  furnace, 
temperature,  ataosphzre,'  and  time  at  tcmpercturt. 

Once  established  and  approved  by  AiResearch,  the  forging 

grocedure  shall  be  considered  a  "fined  process"  and  cannot 
c  changed  without  prior  approval  from  AiResearch.  All 

operational  deviations  from  the  "fixed  process"  shall  be 
noted  on  the  certified  test  report  that  acccT.panies  each 
shipment  of  forgings.  Variations  from  the  "fi.ued  process"-- 
l.e.,  changes  in  heating  times,  temperarure,  forging 
sequence,  etc. --shall  be  submitted  to  AiResearch  on  an  r::RA 
form,  .Request  for  .'-lateruel  Review  Action,  for  disposition 
of  the  forgungs  involved. 
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8.2  (Coned. 


8.3 


9. 

9.ig 


9.2 


9.3 


9.4 


c:sf  so 

L»c*  no. 

■CV  kTII 

99103 

E  M  S  52^06 

'  A 

^  Operations  and  processes  considered  proprietary  by  the 
forging  vendor  aay  be  listed  on  a  aiaster  copy  of  the 
"fixed  process"  which  is  kept  in  the  vendor's  file; 
however,  the  range  of  control  for  such  operations  aust  be 
shown  on  the  copy  of  the  "fixed  process"  subaitted  to 
AlResearch  with  the  parts. 

The  forging  vendor  shall  furnish  with  each  shipaent  three 
copies  of  a  report  shewing  the  purchase  order  nuaber,  part 
nu^er,  aaterial  specification,  heat  cr  lot  nu>sber,  sire 
of  stock  used,  quantity  of  parts,  and  the  results  of 
applicable  tests  for  cheaical  coaposition,  aechanical 
properties,  grain  size,  grain  flow,  and  hardcnability. 

QUAUTT  CONTROL 

Forginq  stock  shall  be  clean,  sound,  and  free  of  ixperfec- 
tions  detrimental  to  the  fabrication  and/or  performance 
of  the  parts  and  subject  to  the  applicable  inspection 
requirements  for  aircraft-quality  material.  Forging 
stock  shall  be  air-  cr  vaeuurv-m.elt  material  as  required 
by  the  applicable  materials  specification. 

Process  controls  applicable  to  forcings  produced  under 
this  specification  shall  be  audited  by  t.he  vendor's 
Quality  Control  Separtm.snt,  group,  or  representative  on 
a  monthly  basis,  and  reports  of  this  audit  shall  be  made 
available  for  review. 

Vendors  shall  keep  records  of  conformance  to  all  control 
items  in  a  fixed  process  for  a  period  of  four  years  after 
date  of  shipm.ent. 

Zn  the  case  of  parts  requiring  traceability,  the  above 
records  shall  be  kept  for  a  period  of  scve.n  years  after 
date  of  shipm.ent. 

Forged  parts  not  conforming  to  this  specification  shall 
be  rejected. 
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90W  C9LC*1L9TC  9999 

SUno  =  0.0 
CO  90  1:1 .NO 
90  W99  =  ■ 

*  =  NS 
M9N  =  9UPR/0 

NOW  C9lCtlL9TC  L  19  ITS  FO*  NCHFNTS 


SUNN  •  *9967111 


UCL  s  C9CNI*9999 
BCL  s  C3(NI***9N 


NOW  C9LC019TC  L1*I7S  FO*  >*9*  fMtTS 

<163  =  92(Nt**S9N 
UCLL:  «N9N  *  <163 
eClL=  *S9N  -  <163 

Nr*L9cr  roNTwoi  ii*iT  V91UCS  IF  u?r*  cr<i*cs  to  i**ot  thf*. 

IFiINLI*.tO.|l*C9Clt*.90l*et •>S9N.urL.FCLL***S*>UCLL 
90  F0**9T<9Fl0.ai 

TnC  F0LL0W1N6  <T<TC"fNTS  C9H.  SUFNOOTINC  CH99T<  FO*  aNOCUCTtON  OF 

Twr  cr<i*ec  cont*ol  cmfnts. 


91 


92 


93 


W*lTC«tW.9tT 

F0**9T| .i*! 

9NCFW  =  3 

C9LL  C<9*TS  (Ml.Hlt.S«L.99Lt. N6.99N6t.<U09*.NNCe«l 

tF«N6.6T.t9IW*trr (lW.92i 

F0**9T< IMII 

9NCFV  :  HNCFV-1 

«f;  :  2./3. 

*9N  :  *S9*«Cr 3(NI/CC2CNt 
UCL  :  UCL  •  *99 
SCL  s  *09*  -  2.  •  *99 
IFiSa.LT.O.OI  OCL  s  0.0 
urti.  :  169*  *  (<163<*cc> 

eCLL  :  799*  .  I9I63**(;CI 

CFlt  CN9*TSINltN|1.9*Lt9*ll*96t*9N6F.(U«9*.NWCFV> 

iF?|NCl.C«.2»  60  TO  99 
F<*6.6T.}9IW*ITE(LW.*3I 
0**9T(lHtl 
9NCFV  :  NNCFV-t 
OCL  s  UCL  -  *99 
set  S  •«*«  -  *99 
IFlaa.LT.O.Ot  "CL  s  0.0 
UCLL  :  ■09*  •  19163/3.1 

6CLL  :  >699  •  19163/3.1 

CtLL  CH*»TSlHl.9Il.S*L.S*ll»«6.*996r .S09*«.9WCrVI 


IFIl*L0T.9e.0t  60  TO 
W*l  TrfLU.9|t 
-  - iflMll. 


can  VaLFLl 


to 

<*L1»961 


so  TO  to 
*9  9TeT  :  0.0 
909T0T  s  O.J 
INCt  r  2 
9  3  1 
90  3  96/9 
CO  79  131.96 
CO  70  JS1.9 
*3|  •«  -  •  J1 

-  -  90*9*  191 


C09*(1*JI  c 
70  COOtlNUf 
79  Cf9»l9ue 


79 

W*f  TFilN.901 
90  FC**9T  «*|»l 
60  TO  93 

99  90  3  196*31*2 
CO  90  J3t.96 
o<c*iji3NOLr it.ji 
9U***<Jl3N0LC(2tJl 
90  CeOTINUt 

ini  1 1  .  *  *M«/CC2f9l 
UCLL  3  fOaO  •  *11* 
fell  3  1*9*  -  *LI* 

~aLL  CiatTStNf •Nlt.9«L.99ll.«6.«*9SCt9U9a*.99CFVI 

- to 


-  fh** 


sudvo'iTiiiE  CHt*Ts 

THIS  fliavOUTIHC  WILL  awocuce  >•««•  tnc  «a«8C  CHIUTS  FO*  THE 
IWFUT  C«T«.  U<E  CaUTlOM  WMEM  PCC IF TI WK f • « • » 

COPPON/UlltF"T/lP«lW«FPTIt9>*  tlTlEllFtf  MU"IISI<FPT2(19I 
COPPOW/STATl  /^OPTOTt^TOTtlMM  •tWC  t 

COPPON/STarZ/  VllOI«M5EKI«09l>^SCE««COPPI9S>9>«MOlCIII*«OOI 


CQPPOW/PLOTt  /tirL  t«CL>*aM*MCLl«PCLLtTatW.*l 
CePMON/«aLUri/L*PFLItl>«Cl«t«<Pt f«> 


CIPFN<ION  R«LF«(«0II*IVCCT»IS7I  .tVEmi  ST  >  tR aLFFI  «03 1 
l•*aP6E  laOSI^fUEaRIROSI^FFZIRlfPiROSt 
C«Ta  IRLAWR/*  •/.IP0HIT/»*«/.10«iE/»l»/.IC»SH/»-»/. 

IfLaWR/*  •/•IRST/««»/»I«/»P»/ 
wot  TEaWtSaiTITLC 
WRITF'LW.SIIPNUM 

9t  FO»«»T< •0*t*P«RT  WUPRCR;  ••t9»R» 
lFltNCl.E0.3l6O  TO  299 
90  FONNart 1N9«//«19*«» 

IF  IINC1.E0.2I  UNlTE<LW.93tN 

93  FORPaT* •a*.*CMaNTS  FON  6R0UPS  OF  •.12.*  COST lNN9/F0N6I«SS*f 
IFINNCEV-21  99.99.90 
99  IFtNNCC«.C0.3IU*lTE(LU.99t 
99  FORNOTJ •0».30».*S  916Pa-» .099 . • 3  9t6Pa-*l 
SO  TO  100 

99  1F«  •INCev.F0.2IW91TECLW.90i 
90  FONPaT  |.o..30«.*2  <16Pa>*.09l.*2  S16Pa-*l 
60  TO  100 

99  lF<9NCCV.C0.1IWNlTCfLW.99l 
99  FOPPaTI  •0*.30*.*t  91699-.*. 099. *1  9t6Pa>*l 
too  WRITE  llW.lOOi 

109  FQRPaTClH  .29T.*RaN6E  CHao T *. 62X. 'I- 699  CHaOT*.//! 

WRITE  ILW.llOl  Ori.eCll.RPaN.VPap.urL.liClL 

110  FORPaTC*  '.ITV. •LCL=*.Fia.9.99V.*lCl=*.F10.9/ 
130>.*CCNTER=*.F10.9.1T>.*<ER 19 L* .33* .•CENTS 9s*,F 10.9/39R .•UriS* , 
2F13.9.13>.0PNIfNRe«.90«.*UCL:*.P10.9//t 

119  IF  turi.6T.HII  HISUCL 

IF  <UCLL.6T.HI1 I  PllSUCLL 
IF  (RCl.LT.cPLI  RPtsOCl 
IF  »;CLL.LT.«Ntll9PLl=9CLt 
IF  tTRlN.LT.FClLI9P/Lt:TN]P 

FInC  RCatC  V9LUC<  FOR  1690  OW  »aN6C  CPaOTS 

CaiL  9CaLFlNl.<Pl.<P2,CIV.S61 
caLt  «caLe(91l.9Rlt.9Pl.CIvi*R9ti 
9TSN6*9 

9aN6C*NT-21sPCL 
taOEF  (NT -.11:9990 
0aN6F(NTI  Turt 
SUOaRINT-ZtSPClL 
9UPaPINT>ll=19aO 
SUOaNINTI  SUCLL 
Wico:rtv/S0. 

WIFl=CIVl/30. 

CO  139  l:l.NT 
6PP:9PL*WICR/2.0 
6Pl:9"Ll*WICV/2.0 
CO  120  J:l.3T 

tci  PaNGE(Il.LE.6PRI60  TO  129 

120  SPR:6PR*NIC* 

J=3T 

129  laiPRdcj 

6912  =  9RLl»WlCl/2.0 
CO  129  j:t.3T 
IFI TNlN.Le.6PT2>  GO  TO  12T 
129  SP12  =  6R12*WIC1 


127  9l}l  :  J 

CO  130  J:|.S7 

IF  l<UPaRlfl .LF.OPVIGO  TO  139 
130  GPV:GPt*WIC« 

JS37 

139  laiEiM  l=J 

LOGIC  FOR  C0INriCtN6  LIRITR 

IFI R9LFRI NT-21. rO.RaiCNCVT.ll .09. 191 CP( NT-1 i .EO. 
liaLERfNTI IWRITEClW.tROl 

190  FORROTI  •0*ilTl.*  -  TOON  IINITS  NOT  miNClCC*! 

IF(aaLCllNT-3T.E0.R9LCllNf-t i.OP.RaiElINT-iI.EO. 
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l«aLriiilTiiy»iTriLW«150l 

150  fOO«»T«  -  »0U«  tl«IT5  ri»I«iCICe*» 

•OIMT  srate  vaLii?^  fon  «na*  aor  •  rNaar^ 

trt INrt.Nr.3l60  TO  155 
UNlteiLV.l«OI<Nl 
60  TO  175 

155  U*ITrilUtl*OI«N« 

lao  fONNari*  •.av.airiz.ii i 

UNITr ttU>170l<Nt 
ITO  FONPaTI •*«t93V««(T12.1tl 

FNINT  «0N  5CaLC5 

175  CO  175  J:i.S7 
IVECTN (J|rira«M 
170  ivcrTvt ji=ica^H 
CO  300  J=1.37.t3 
j«erT*(ji=i*otNT 
300  l«rCTIIIJI=lNOIHT 

IFI INCI.Nr. JI60  TO  305 
UNtTF«LU.307l IVECTt 
307  FON«aT(*  ••t7«.17ail 
30  TO  315 

305  nN| rr«LW.310lf7ECTN,TVECT« 

3ioFoNNaTC*  ••i7*«3Tai«3a«»37aii 


315  CO  350  I=1.N6 
CO  330  JR^l.17 
lvrCTa«j«>:lNiaNR 
330  IVCrTTt JR l=IOL aNN 

IVECTNIraLCNINTI tSiONE 
iwceTNjRatE*iRT-3nsi<*NC 
fvrCTR«RaiCNINT-lli:10NE 
IVfeT*iRatE*<NT-3ns|nNE 
tRFCTVIRaLCXNT.tt  |  =  IONE 
JvrCTVtRaLCXNTt  IStONE 

IvrCTHNIfH  s  IN 
ivff T7iRaLE*«l»  «siasT 
lvErT«iRaiE«(iM:ia<T 

THE  GNaOHINt  OF  «lie6»00FR  TaRE«  FiaCE  NOWff*»*f 

tFllNCI.E0.5l60  TO  375 
tF< I5RIF.NC.0I  60  TO  370 

U*ITEILHt330INaN6E(Ti«lVCCTN.N7E*II>.<imaNlt».tVFrT« 
330  FORNaTi*  •«Fl3«3t5««37ai*l9«»t5*5l>«13.3*7l»37tll 
SO  TO  350 

370  WNf  TflLM«315II«ECT<**I7ECT> 

375  IF < 157  IF .NE .01 60  TO  377 

WFLTEaMt377l<UaaN(|I.IVECT7«N5FNltt 
370  FONFaTt*  •.Fl3.9,9V.37al»|07>15l 
60  TO  350 

377  HFITr«LM«379l IVFCT7«N5ENI17 
375  FOFaari*  ••177.1771,107.191 
350  CONTINUE 

•ETONN 

377  W*ITE(LM,301> 

3C0  FOFFaT <»0*.30*.» INCTVICOai  7aiUE*/377. *7  CNaRT*» 

MFI  Tf  UW.  110I7rtL  .NOaN.UClt 

310  FOFFaTI*  •.lT7.*LrL=*.F10.7/!07.*CEaTFFr>.F10.7.1T7, 
1  ’lEFI  at  •/  397.  ’fict  :•  .Fio.7 . 1 31  ••MNUNFEF//  I 
60  TO  115 
ENC 
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SUPPOUTINF  <PPTS  (*L tPR.rHfNR) 
CIPFNRIOW  CMfP03) 

CO  50  1=1 

If I TMtNNl.LT.ai  »  PLrCHINM) 

IF <rM«NN>.GT.PP>  BP=CHIMM» 

53  CONTINUF 
PF  Tlrp^ 

EMC 
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Sl'PPOtiTU'F  <C*IE  IHfB*«P*P*P  .SP> 

THIS  SUPPOUTlNt  Pl»ST  PF  INFLUCFC  WITH  ^UPPOUTINF  THIRTS 
fOP  SUCCESSFUL  CHARTING  OF  CAT»f»»»!*** 

CIPFN9I0N  CPE<91tSP(P» 

SP  m  =P 
SP<  P )=M 

SP<2)=P*(H-P»/3. 

5P<  31=m-ch-P  » /3. 

5P=P 

R*P=Se( P l-SPfl 1 

PFTURP 

FNC 
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suf>*ei'Tiiie  t^T«rs 

i; 

c  »Hi%  <i#«oi>TiMC  MiiL  cfTf**mc  Ti-f  <*p>ie  •vr»*GC.*'ji'G»''UP 
t  •vir**6EG.«u(»6«0ll»  ••<l6es.««C  G««*LC  ST««C**C  CCVI*TIO«i 

c  T^r  muiT  c«T« 
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Ce»>ON/UIIiri'*/t  ••LW>r*T<  19I*T1TLCI  191  •MU'X  I9t  tFMTSIlS  » 
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C04409/ST4T1 /9O«T0T,9TOT. »949 .I9C I 

C091>0lt/9T4T2/«(10I  tN9C9l403l  (GSCCV  >r09*C  99  •9>  tHOLC  I  It  *  400 1 
CI4FM9I0N  ll4N6C(401l>9U«4l»f413l 
rO  200  J=t>N6 


TMF  FOILOUING 
••i9C9»  The 

IF  TMI«  14  NAT 
l«U«aF4  IS  4NC 


«T»Tf4C9T  »f4C9  IN  THE  TEST  C4T4. 

9E9I4L  NU4NE*  OF  TME  C49T ING/F ONOI NR  - 
FC  OE  INCUICEC*  change  F0N"4T  GTATFafnTS 


10 

12 

13 

14 


19 

20 


IF! INCI.Ea.2l90  TO  to 

SO  TO  14 

N9C4«Jl=J 

rO  12  t=l>N 

««l  I  r  COHNI J.II 

continue 

HNI rE<LU«t31N<F9IJt (IVI J7»*J7=t.NI 
FOPNAT ('o*. t9t9F10.21 
60  TO  29 

NEAC  « IN.FNT I n<F4 ( J»«  <«IJ7 >•.7  =  1.41 
N0LOM.Ji:N4E4<  Jt 


CO  19  t=t*N 
HOtn  1*1.J>  =  »U» 
continue 

yai TP(LU.2at 


yS? TEIlI.^AtinGENI J> . CFIJ7I .J7:t,N> 


NOy  9UN  the  «  values 


29  SU"«  s  0.0 
SUPSOS  0.0 
CO  too  1:1.9 
SUP*  :  SOP* 
SUPSO  :  SIJP«0 

100  continue 


♦  *«II 

♦  c*(n««2i 


F INC  the  GNANC  «UP9 

STOT  s  <T0T  ♦  SOP* 
SOPTPTssONTOT  ♦  SUPSO 


FINC  The  SU06P0UP  PE  AN  ••  *NAN 
SIIPANIJI  S  «OP*/N 

SOPT  to  FINC  the  hi  ANC  to  VALUES  FAN  PANGE 

HI2  =  -9.9E10 
SPL2=  9,9E10 
CO  190  I=1.N 

IF  «*f I I.LT.S«L2I  SNL2:»1I1 
IF  «*(II .GT.Ht2l  HI2=>(II 
190  CONTINUE 

NANGEIJI  =  H12  -  SP12 
200  CONTINUE 

FINC  population  «P*9 


44 

47 

49 

49 

70 

71 

72 

73 


C 

C 
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SUP  =  NG«N 
I9A9  =  STOT/SIIP 

CETENPINE  THE  SAPPtC  STANCANC  CEVlATION 

SSCEV  :(<  I  S<Pl*SONTO  TI-CSTOTp*  21  >  / f  SUN4ISI|N>  1 . 1 1  >••0.  9 

NCTIIPN 

CNC 
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69. 
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93. 
96. 
99. 
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97. 
99. 
99. 
60. 
61  . 
62. 
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66. 

67. 

69. 

69. 

70. 
71  . 
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SUBteUTINE  6N6LV9(««««1 

THIS  908900TII6C  6N6LT2CS  TUC  7«T  9CSUIT  C6T6  606  FOHILITT  9F  •ftOS 
<0  THAT  6  cETcaMiMTtoN  coMrcK* IN6  coMTiouFC  TCSTiAo  rocoucurr  rto 
BC  Bice.  IT  19  6  eeiCBAL  abaltsis  of  vaqiabcc  that  can  ne  jsf>'  fo* 
OTHCB  APFLICAT ion<*  if  ccsibcc. 

CeaP0N/UINPIIT/tN.LHtFaTll9l.  1ITtF(19I.PNII9(lS>.F9T2tl91 
CONNON/STATl /90NT0T.9T0T«<NA9 .INCI 

COBPONASTA 72/7  1 101 .NSC* 1 6031  t99rCV •rCPPI 99*9 • .HOLC 1 11 • *00 1 
rONaON/ value 1/1 ABrL<lll*CIV1.9*l(6> 

C  tHCN<iaN  TNTIl  -  -  -  - 


t 101 (eLK 16001 •T«»l 101 •9SPncil0t>ClFS09ll0l*T9CFV(10> 


909TOT  =  9UR  OF  ALL  VALUCB  SSUANCC 
9T0T  =  9UP  OF  ALL  VALUF9 

TNTIIl  =  total  of  VALUe9  Ffl*  fACH  TEST  •091TI"N  ITBEATarNTI 
TNPIll  S  bean  value  FON  each  POSITION  ITREATPENTI 

0L6«il  :  total  of  values  for  E4CH  >IECe  INLOCNI 

6SP0StIl=<UN  OF  <OUARCC  CIFFEPWCES 
TSCEVIII  =TREAT"F9T  SANPLE  STANCAPC  CEVfATION 
SUPCEV  =  SUP  OF  all  T9CEV*S 

CIFSQRIII  s  SOUAREC  CIFFERENCE  PCTUEEN  TEST  VALUE  ARC  PEAR  0*  "OSITIOR 

IRITIALIEATION 

CO  20  I=1«N 
TRTIII  =  0.0 
TSCevfll  =  0.0 
SSPOSIlt  =  0.0 
20  CONTIRUE 

CO  30  J=1.N6 
BL71J1  =  3.0 
30  CONTINUE 
ARB  s  R6 
AN  =  N 
SUaCEV  S  0.3 

"E6IR  CALCULATION 

TOTR  T  AN6AAN 
CON  =  1ST0TAA2I/T0TN 
SST  s  S0RT07  -  CON 
CO  60  J=t«N6 
CO  90  I:l«N 

BlFlJl  s  rlRIJI  «  HOLCIItItJI 
TRTHI  3  TRTIII  *  MOLCli*l»JI 
90  CONTIRU| 


HOLC< 

60  CONTiNlil 

COPPUTC  TREATPENT  PEARS 

CO  70  I31<N 
TRPf I I3TRTI II /ANB 
70  CONTINUE 

rOPPOTE  SAPPLC  STANCARC  CEVIATIIR 


CO  90  J3l,Nll 
CQ  90  l31tN 

CI7S0PI II  slARSIHOLCf I»l.JI>TRaf Illl**2 
SSPO'III  3  <SPOSIII  ♦  CIFSORtll 
90  continue 
90  CONTIRUE 

CO  100  I31.R 

TSCEVIII  r  <SP0SIII/<AN6-1.I 
100  CONTIRUE 

URITEIlUt290l 

UNI  TEILU.  30011  I*L  APEl  III.  TRTIII.  TRPf  II  .99*09  1 1 1  tT  SCEV 1 1 1.  1 3|,  Nl 
NOW  FINC  HIBH  TREATPENT  STANCARC  CEVIATIOR 
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193. 
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SMI  =-9.9nO 
CO  109  I=ltN 

t7IT<CCVII7.S7.SNl>SHI=TSCCVIII 
109  COMTINUC 


MOW  C6LCUt6TE  "B“  EOO  rflCH»6l«*S  TEST 


TSCEVlIl 


c 

c 

c 


CO  110  t:1.6 
SUMCC9  =  SUMCT’V 
110  COMTIMue 

MP  ITE UU. 3101  SMI. SUPCEV 
COrvNS  =  SMI/SUPCE* 


MOW  r6LCin.6TE  0NC-U6T  6M6LrSIS  IP  V6PI*MCE  I MP  9611611 OM 


ST6T  :  0.0 
CO  120  l:l.M 

S’OT  r  ST9T  *  1TPTC11*«2I 
120  rONTlNUE 

SSTPf  z  (ST6T/6M6I  -  COM 
S«E  =  «ST  -  «ST6T 

fPTPT  z  6M-1. 

PTOT  =  6N*6N6-1. 

CP9LK  :  6N6-t. 

CPEPM  =  6N  •  CP9LP 
6"ST6T  z  sstpt/cptmt 
•■Sr  =  SSE/CPFP* 
f  z  66STPT/6PSC 


MOW  C6LCOL6TC  Tue-W6T  6M6LVSIS  )P  VPPItMCC  6ESliLT9 


c 

c 

c 


S9L6  z  0.0 
CO  130  J=I.M6 
S6L6  ZSBLP  ♦  <9L6<JI<<27 
130  COMTInUE 

SSBL6  z  <SBL6/6MI-C0M 
S<E2  5  SST  -  I«STPT*SSB16| 
CPE2  =  CPTPT<CP9L6 
6M9PL6  S  5SPL6/CPBL6 
6Psr2  r  SSE2/CPE2 
P2TPT  z  6PST6r/iPSE2 
P26L6  z  6PS9L6/6P<E2 


MOW  PPIMT  our  PESutrs 


UPt  TE<LU.200i 
WPITE<tU.21CI 

gPI TE<LU.2201CPT6T,SST6T,6MST6T.P 

UPITEILU.260irPEPP.SSE.6MSE 

UPl TE<LU.2S0irPT0T.SST 

UPITE<LH.260>COCPWS.N.M6 

UPI  TE<LU.27a> 

WPITF<LU.2901 
UPI  TP  I LU.  213  I 

UPlTFllU.220ICPT6T.SSTPT.6MS 1PT.P2TPT 
WPITCILM.2  301i;P9L6.SSPL6.6M59L6.P2B16 

UPlTE llU.2601CPE2.SSE2.6M^Cf 
UPI TPfLW.290ICPTOT.SST 
PPTII6M 


C 

C 

c 


P0PM6TS  POP  PPIMTOUT 


200  P9PP6T< IMO.I 3*. ’0MC-U6T  tMPlTSIS  OP  ¥»PI6MCE  PESUL TS* // 1 3». • MULL  M 
ITPOTmPSIS  ~  iLL  TPE6T<EMT  ME6MS  EOU»L’ /I06 . *61 TE PM6 TE  MTPOTM.  =  iL 
2L  TPE6TPEMT  MP6MS  MOT  EOUPL’I 

210  P0PM6T  <tMU.19«.*CC6PEES*.7l. ’SUPt. 106 . • PE6 M •P6X . tSOUPCE • .106 .‘OP • . 

HIT.  ‘Ot  *.96.  •«'J06PET.96.»r»/206.»P6PECOM*  .96  .  •«  OU  6PPS  •  1 
220  PCPP6T  <1M0.*S1PPLC  POSt ?inM< .96.P6 .0.96.P 1 1 .9. 36 .P 10.9 .36 .P 7.31 
230  FOP«tT< IHO.'CtST./POPS.  MO. *.96.P6.3.96.P1I. i. JP.PIO. 3. 36.P7.3I 
260  P0PP6 T IIMO.’PPPOP*. 196. F6.0. 96 .P 11.3.36. P 10.31 
290  POPPlTf IMO. • TO TtL  *.196.66.0.9  6.611.  I./// 1 

260  P0PP6T  <lM0.67Mr0CMP6ll*S  E0U6LITT  Of  V6PI6MCES  «T6TISTIC  "S*  =»67.6 
1.16.*0  z  *.12.36. *6  =  *.131 

270  P0PP6r<IM0»*MUll  MTPOTM,  S  111  BIOCP  VIPIIMCFS  6PE  EOUH  •/16< 
1*6LT,  HTPOTN.  =  ILL  PLOCP  V66|6MCCS  6PC  MOT  EOUIL*///! 


2»0/.0_PP..TMMq.l36,*TUO--.T....ATS!^,66 


IMTPOTmESIS  =11  61L  TPC6TPCMT 


2E6MS^iPE  E0y6L*//106,*6lTCPM6TE  MTPPTM.  =  II  111  TPC6T.  Pf6MS  IPE 


--  _ _  _ JTE  MTPPTM.  =  II  III 

3M0T  C0illl*/3a6,*21_lll  PLOCP  PE  IMS  tPE  MOT  EOUlt*! 


2*®-5,2?!Il!^|**!3’I^?*^''2MT*,46.*TlT6t*.*6,*PElM,*66,*S0M  SOP  CIPP*»36<* 


1ST6MC6PC  CE**/1 

300  60P"IT<|M  . 13. 16. •t<.6M<<7<. 66 .6 10.2. 36. 6 10. 2. 66 .6 10.2 .96. 6 10.21 
310  P0PP1T< lM0.*Mt6N  STC.CCV.  6  * .f 10 .2. 36. *T OT IL  ILL  fPElT.  STC.  CFVS 
I.  :  *.610.2//! 

PMP 


THIS  VIIPaOUTINF  I?  CCSIfiWC  TO  FIOT  TC<T  »E«ytT5  r«0«  •IHTIMF 
•0S1TI0>(S  0<l  each  CtSTIXe  Ott  F)»6I«6«  IF  THIS  SlTUtTIO^  EXISTS. 

THE  t»«CL  FOT  nw  C«CM  FtOTTCC  FOIHT  rO«*fSFgHrS  TO  THE  FOSITIOH 
UITNiai  THE  F0>6ING/r*SrtllB  F«  OH  WHICH  THE  TfST  StHFLE  W«S  TtXEH. 

COHHOH/UIHFUT/LFtlWtFHTItOItTITLEIlSI  t**IU"fl9l<FBT2(  191 
COPFOn/FLOTt/UrL.OCL>*B«0*yrtl iBCLL>TFIN.« 

C9HH0II/ST*T2/X(  tai<MSEB(«OS>.SSCEV«CO»l99t91tHOLCf  lltOOX 

CeFFON/V«LUFt/L*HCLItt>>ClVI><Fl|«l 

CI"C«IHION  nOHIlII  tH«HEtlOI*LINCttOtt 

C»Ti  H«HE/* 

Heci*l=9-(K/I3l«10 

IF<NC.6T.19>H*lTr  II.H*t09> 

H*I  TrtLWttOOITf  TLE 

UHITF «LW.I10I*NUF 
WBI  TF«LH«tt2l 
H*ITE«LWttl9l 

<F1<1 t=SHLl 
SF0T=SHLl*(ri«l*2.0l 
<FII2l=SFLI*CCtVt*0.9t 
SFt< ll=SHLt*(CtVt I 
SFll«l:SHLt*(riVl*1.9l 
H«I Tr«LH.ltSI<Pl.SPOT 
CO  90  J=1>N6 
I=J-l 

ro  10  Ksi.ioi 

10  LIHf (■IxMlPrit I 

IF<P«>CIIil  29.19<29 

19  CO  20  «=1«111 

20  L  INF(«l=N«Pr (?> 

29  CO  30  «=l«iai>29 

30  UINFIKI=N«PCI3I 

THE  PPFXlOUS  STiTEPCHTS  H»VC  <ET  W*  THE  TlTlt  OF  TMF  *101 

FNC  SOHF  Of  THE  SCFLE  FICTOPS.  TOW  HE  CETEPOIHE  The  bLOT  POIHTS. 

F10«T  HOIPT 

P99I  tt:((.TPIl|>S"Lll/ICIVl*2.in*iaO.»1.9 
lI9r(«0B<in:<l*«E(«l 

HOW  CETEHHIHE  OTHEH  POIHTS 
HTsH»1 

CO  59  ILR:2»HT 

RHEHSM HOLCIILX • J l-SHL II / 1C IV  I* 2. OM • 100. »1. 9 
•OHI ILRI :tPCH 
LIHri-OHlIt*  n:Hi»ClllH*HI 
35  iFIPOHdlRI.lE. 100160  TO  3H 
■ONf ILK  1  =  191 
LIHFIPOHIILKI l=H*PFI91 
34  IFfHOHI  ILK  I.6C.  1160  TO  39 
HOHIIIKI:} 

IIHFCHOHI ILX I l=H«HCI9l 
39  COHTIHUE 

HOW  PLOT  TK  POIHTS 

WPITF«lH*99IH0lC«l*«ll*tIHE 
90  coHTiHor 

99  Fn|i««T(lX.F«.0>9X. 101*11 
0*1 rCTLHfTOI 

fO  FOPPtT  aHOf//.»X.»HOTE:  II  PI5SIH6  HO»HEHS  IHTIClTE  C  t'*!  IC*  TI  OH.  • 
I/ITX.THECH  C»T«  l«CrOHCIH6  TO  SEPIH  H1|HHE*1  FOP  C'»m  C»  *£  S.  • 
2//|*T.«2l  IH  ISTEPISK  «•!  IHCICiTES  •  VaLIIE  OUT  OF  IIPITS.*! 

too  FOPPaTltHOfl9««l 

109  F0HH*T|1h1I 

110  FOPP*TMMOf*VFtUE  PlOT:»/19X.»lsrPlFl  HUPHEB  V<.  IHCIVICU*!  TEST  ■ 
1E»SIIHFHEHTSI ’//lOX.’P WT  HUHHEP:  •.lllHl 

112  FOPMTIlHOfFST.'HUPPCH  OH  PICT  COHPFSOOHCS  TO  OOSITIOH  HUPPFH*/*OX 
If’II.F. f  3  =  TEST  S«HPIC  FHJH  HQSITIOH  3  OF  CIST IH6/FOH6tH6* I 

113  FOPPITIIHO**FFRllL*»3*Vt*lHCIVICUHl  TFST  HCISUPF "EHTS* / IX • *HUHPFH • 
II 

119  FOHPaTltHO*lRt«IFt2.9*t3VI*FI2.9l 


r»i«  •recipt* 


TNi«  rvrcpi*  mi  r*ic''t»’t  ’•*{  ‘▼»ti«Tir  »»••  Mi»rr  o»ir*vitirKs 
tN»t  ••r  •io*otLi'’  ciXTPi^i'Tf c  •*JC  will  iiS"  »irir  TMr  rir*r«F«rcs  fop 

( ACH  P*IP  FOP  ThF  HCM-P«P*»rTPir  WIirOFFP  Plfprc  T-TFCT. 


ClPFwc  Ipn  tlFF  'AOlll  •C1P2IOOO  'CPTF  (T  l•P•!L•PI?«l 
P€»r  I*  fFcrPlPTIVF  WAll'F*  CO»fFP»l*>r-  CAT* 


1C  pp*ri5.?ciPF.rpi< 
-  C0PP*TI 


?0  FOPP*T«I*«* 10.21 

I*  IPP.FO.CIOr  TO  30:- 


ATEiwGs  »Mr  nuppfp  r»  c*T*  p#ip« 

C"u  =  THF  WALl'-  TO  RF  IP¥f«TIS*Trr  *T  TM;  H*POTmp«is:mo:  OI-U?  r  CPU 
WAirsT  :  TMf  VAllir  lAVFPAPfl  CFTFPPI'FC  FPOP  P*  •  it»  A  F  T(iPP  P  *  <  TfST*!. 

“  -  -  - -  -  - -  ■■  Tr^Tlwr. 


V*l"PP  :  TMF  WALOP  l*WC**GPl  CETFPPIPFC  FPOp  arf  fo. 
Clffll)  =  THF  riFFFPfpfr  PITVFFA  VAIFPT  AMf  VAtF"® 

ciT?ili  =  tmc  riFPfPcwrc  icif»ii>i  S3u*»cc 


SL'CfJJ  =  Ii'f . 


soprl*  =  ?I|P  OC  T*»P  ClFFPfPFE*  <Hl**tr 

src  =  «»*pc**r  FFwiATfop  n  tmf  ci»Frprpri« 

C*¥S  =  ThF  AVrOAcr  CIFFE»F“rC 

<rsop  s  TPE  <*PPiF  vAPi*rrF  p»  TMf  ri»irsr*TPt 

T«T*P  :  Tmp  "T*  «»*Tl<T|r  »0P  l^VFPTl  CATl  MG  Hii:  TmF  MHH  M*PPTM. 
proF  r  THF  MUPPPP  pP  CEPAFE'  P»  fPEEro*’. 


I••IT1*LI7•TI0»■ 


Co  ?0  1=1. PF 
ClfF  II  1  =  0.9 
f I»2II 1=C.C 
30  rOMTINUf 
ApE  S  PG 

lirrOF  =  N6  •  1 

FIIPCIF  r  (  .0 

SOPFlF  =  0.0 


pEPIW  FAtCOLATlOP  APC  PPlPT-OIlT  r*T*  *p:  prAHtT* 


PEAT  l5.tT5>C»’» 
RE«r is.isoiei 


. .  »19(i|PP"P 

WPITf  4*,2us  iPPtiP.CATf 
MPITf lt,2CA* 

CO  90  1=1.90 


pr*r<».2oi i<»pp«.v*t  rpT,v*ir*o 
ClFFIIl  =  PitOPT-WAirPP 


.p  *i'?r!!Tr **? ! J* 


»:IF2II1  =  *p<i:i»hti>p«2 
POPCjF  =  <oprii*c ip?i 11 

WP1»F«*«20I 1«P»BP.V*IFPT,V*ICPP.C1FFII1  .ClFFIIl 

CPPTlPiiF 

M"!  Tfl*  ,  202  lSn«C  IP  .TOPC  IP 

«c«op  =  1 1 *pp»<epr IP  i-iAii»ciP»»?iiFi  A'ppiAP'^-i.  1 1 

see  =  SQOTIAPPCSCSOPII 

c*vF  =  »iipcip/*pr 

T^TAP  =  ICAPG-CPUl/l«rF FI«0PT|*»61ll 


M*!  Tr«4. 20113030®. sec. CPVS. prop 

l|PITrit.20*lT3T*P 

GO  TO  10 

e 

e  Fop»*T  3T*TCP«’PTS  POllOW 
C 

ITS  F0Pp*T»T*a1 

IPO  POPPATIFAAII 

FTU  POPP*TII5.2*|O.SI 

201  F0PP«TIIH0.I9.SV.P}r.9.9*.FlD.3.S*.P9.*.9T.P9.Pl 
272  COPPATl lMa.«TOT*l*.33v.FT.*.2T.P10.*F/l 

2-3  F0PP»THMC..*3A*oif  vAsTApCE  =  •  .  P  IC  .  1 . 3»  .  •  S  apP|  r  ctiitaPF  C'V.  =  • 
1  .PI'l.  2.3».**VPP*GE  ClPPCPFUrf  =  •  tP  7. «  .  S*  •  *rCG.  "*  PPCFeO*  =  ’.IlF 

2 '*^FOPP*TI IKJ. .Tmc  -Ta-  3T*Ti3Tir  fpv  TESTIMG  Thf  riPPcPCPCE  IV  TmE  T 
IHO  TFSTlPE  ®F*P«  =  T.PT.P/lOT.TPl'Il  ITPOTH,:  III-VF  =  CP|I  • /I  OT  .  •  A< 

2T.  mtpotm.;  *'i-t??,pc,r«"*/Fij».«*ssu»pTiop:  tmf  cistpipi'tiop  jo 
3r"l*IP6  tmf  rlPPEPfprc*  |3  pcPPAl.*! 

2'S  FOPP*TMHl.*C*'TfpAIPA'’inP  OC  A  riPPE»F*rF  !••  TFSTIpo  F  OP* /2  iC  .  •  •*  c 

JT  pi'ppfp;  p.?** I .ttectipc  vs.  Avr  rf.  tectipct/asv.tcata  ppop  •.? 

AA//1 

7't  POP**T(iHv.,«crp.pr.*.*T.’rcpT  c*T*«.(v.>rpp  c*T*»5».*ciPPFPEvrrp.r 
I T.TOIFF. 33»CP  FI 
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•  •tOON  TEW.TfNSILE  TESTS-OLTIB/ITF  L  AC.PftC.  (1/77  TJ  5/797 
—3072112— TFE731  ENGINE  P*NT 


12  N  0 

FORP«T( I5»«F10.2) 

P0S3P0SRP0S5P0S7 

SERIAL  R 

0 

0 

INPUT  FATA  BY  POSITION 

2237 

191.50 

190.30 

195.50 

190.70 

21«« 

190.90 

191.40 

195.90 

194.70 

395 

192.00 

193.90 

194.40 

191.50 

2392 

199.40 

200.90 

197.60 

195.50 

404 

197.60 

190.10 

199.00 

196.40 

2374 

196.40 

195.20 

209.90 

196.00 

3015 

195.20 

196.00 

190.90 

199.00 

3345 

176.30 

175.50 

176.90 

149.70 

9900 

193.60 

195.20 

196.40 

193.60 

3040 

193.30 

193.30 

199.00 

192.90 

3046 

200.00 

201.60 

199.30 

202.40 

3010 

209.40 

206.  90 

206.70 

204.90 

7ME  PFAN  =  193 

•69 

STANC  CEV 

=  9.76 

SON  r 

9297.20 

SUN  OF  SOUARES 

=  1B09270.M 

CFNT 

C«T« 


226 


treathcpit 


TOT*L 


sun  sow  CXFF 


1  (P0S3t 

2  (POS«) 

3  «P055I 
•  «P0S7I 

HIGH  STO.OEV. 


2  333.60 
2330.10 
2323.30 
2305.20 

203.91 


194.97 

194.17 

194.02 

192.10 


614.07 

652.76 

929.20 

2242.93 


ST|J^*PC 

55.32 


59.34 

34.47 

203.91 


T0T6L  ALL  TPE6T.  STC.  CEVS.:M3.55 


ONE-WAY  ANALYSIS  OF  VARIANCE  RESULTS 


NULL  HYPOTHESIS  :  ALL  TREATMENT  MEANS  EQUAL 


ALTERNATE  HYPOT*!.  =  ALL  TREATMENT  MEANS  N7  T  ElUAt 


SOURCE 

CE6REES 

OF 

FREECOM 

SUM 

OF 

SQUARES 

MEAN 

SQUARE 

F 

SAMPLE  POSITION 

3. 

41.750 

13.917 

.133 

ERROR 

44. 

4439,062 

100.333 

TOTAL 

47. 

4430.312 

• 

COCHRANES  EQUALITY 

OF  VARIANCES  STATISTIC 

-O-  r  .SOSS 

•  s  4 

NULL  HYPOTH.  s  ALL 
alt.  HYPOTH.  r  all 

■LOCK 
•LOCK  ' 

variances  are  equal 
variances  are  not  equal 

«  :  12 

TWO-WAY  ANALYSIS  OF  VARIANCE 

RESULTS 

NULL  HYPOTHESIS  = 

1)  ALL  TREATMENT  MEANS  ARE  EQUAL 

2)  ALL  BLOCK  MEANS  ARE  EQUAL 

ALTEPNA  TE 

HYPOTH, 

=  11  ALL  treat, 
21  ALL  BLOCK 

MEANS  ARE  NOT 
MEANS  ARE  NOT 

equal 

EQUAL 

SOURCE 

CE6REES 

OF 

FREECOM 

SUM 

OF 

SQUARES 

MEAN 

SQUARE 

F 

sample  position 

3. 

41.750 

13.917 

.474 

CAST./F0R6.  NO. 

11. 

3469.323 

315.439 

10.740 

ERROR 

33. 

969.234 

29.371 

TOTAL 

47, 

4430.312 
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••ROOK  TtPP.  TENSILF  TEST5-OITIP4TE  L*C-P*CIFICCI/77  TO  10/7SJC** 
—  3072112— TFE 7 5i  CtSlNT  P4PT 


'1 


CiJ 


14  3  0 

F0RPATfI5«3F10.2} 

F0RPAT<3A«» 

P0S3P0S4P0S5 

0 

0 

SERIAL 

« 

INPUT  C 

216A 

192.10 

193.30 

190.20 

375 

192.70 

191.00 

109.40 

2352 

196.10 

191.40 

192 .90 

2361 

194.50 

196.20 

192.10 

3004 

193.43 

194.90 

193.10 

3443 

190.00 

195.70 

192.30 

1011 

196.90 

194.10 

195.30 

104  5 

196.50 

197.50 

193.90 

500 

206.10 

203.30 

202  .70 

3337 

196.30 

195.10 

193.90 

336  5 

194.90 

194.90 

192.00 

304  0 

192.70 

195.30 

193.00 

304  6 

200.50 

201.60 

200.60 

3010 

205.50 

204.70 

204.90 

THE  PEAR  r  Iff. 

•1 

stanc  cfv 

SUR  = 

S23I.«f 

SOR 

OF  SOOARES 

O.Sf 


TREHTPICHT 


TOT«L 


sun  son  ciff  STmcfoc 

1  (P0S3I  2756.53  106.59  256.30 

2  (P0S9I  2749.00  196.36  221.71  17.0S 

3  fP0S5>  2727.10  194.79  279.13  21.47 

HIGH  STO.OCV.  =  21.17  T0T6L  6LL  TPCIIT.  STC.  CCVS.  =ft.24 


0NE-UA7  ANALYSIS  OF  VAPIANCF  NESULTS 
NULL  HYPOTHESIS  r  ALL  TREATNENT  PEANS  EQUAL 


ALTERNATE 

HYP0T4.  = 

ALL  TRFATRENT 

REARS  NIT  ElUAl 

CEGREFS 

SUP 

PEAR 

SOURCE 

OF 

f  REECOn 

OF 

SQUARES 

SQUARE  F 

SANPLL  POSITION 

2. 

33. 344 

16.672  .559 

ERROR 

39. 

757.219 

19.416 

TOTAL 

41. 

790.562 

COCHRAN'S  equality 

OF  RARIANCES  STATISTIC  •G*  =  .3657 

K  r  14 

NULL  HYPOTH.  r  ALL 
alt.  HYPOTH.  =  ALL 

•LOCK 

■LOCK 

VARIANCES  ARE  EQUAL 

variances  are  rot  equal 

R  =  3 

tuo-uay  analysis  of  va»iarce  results 

NULL  HYPOTHESIS  = 

11  ALL  TRFATPERT  PEARS  ARE  EQUAL 

2>  ALL  BLOCK  REARS  ARE  EQUAL 

ALTERNATE 

HYPOTH. 

r  11  ALL  TREAT.  REARS  ARE  NOT 
2)  ALL  BLOCK  REARS  ARE  NOT 

equal 

EQUAL 

SOURCE 

CEGRFE5 

OF 

FREECOP 

SUP  PEAR 

OF  SQUARE 

SQUARES 

F 

SARPLE  POSITION 

2. 

33.344  16.672 

9.520 

CAST./FORG.  NO. 

13. 

711.657  54.745 

31.261 

ERROR 

26. 

45.531  1.751 

TOTAL 

41. 

790.562 

230 


e  J 

<r »  « 


« (I  m 
1^  w  ^  » 

^  W  ft  •• 

a  ft 

z 

II  w 


»  ft  9» 

a  s 

^  w  I  « 


m 

ft 

1^ 

ft 

c 

e 

•  ♦ 

ft 

• 

♦ 

c  •  • 

<r 

e  1 

e 

1 

^  1 

a 

IV 

1  • 

ft 

1 

ft 

a 

1 

ft 

• 

ai 

o 

» 

e 

• 

ft  ft  ftft  ft 

• 

• 

Oft 

I 

Oft 

ft  1  •  • 

ft 

a 

•  •  •  • 

e 

ft  ft  ft  ftft 

o 

• 

•  ft  ft  • 

• 

• 

ft 

ftii 

1 

<11 

•  •  • 

m 

ft  •  ft  ft 

ft 

a 

1 

ft 

m  *«c 

1 

a 

1 

«  a 

1 

Z 

1 

z 

• 

II 

1 

^  II 

1 

ft 

1 

a 

1 

ft 

1 

a  ^ 

ft  • 

m  •• 

1 

c 

a 

ft  1 

•  « 

ft 

1 

w 

ft  1 

•  ftW 

< 

* 

M 

1/1 4. 

•  ft 

Mft  W 

• 

ft 

ft 

wi  1 

a 

ft 

1 

ft 

ft  1 

a 

a 

1 

• 

^  1 

• 

ft 

I 

m 

1 

a 

1 

ft 

• 

a 

1 

1 

«• 

• 

t 

ft 

1 

II 

• 

a  1 

M 

e 

1 

a  • 

o 

i 

O 

o  • 

u 

a 

ftvi'  a^ir  9fti 

rOft  AiftmftftaM^ftoo 

mi  mt^ 

««•«■  •■««■«■  #*#M  OTOl^ 


ftioft^ft^ft^o  ao 

•  ••••••••  ••••• 

>ft»aa 


I  ftc 

iZl 

^  wa 


8^0  ft 

fta€*ftQft«ift8ft^ftftft«•  |£ 


wi 


9  9<  9  T 

ftftr-«Oft«Bft9  fttftftftft  ^ 

^>^600  M 


mm*  mmm  p»«  mimimm* 

mmmm»m9  9^»»9  mi^mmm* 

•  •  • 

•  • 

•  • 


^  e  p»  fi^  ^  «n  e  ^  o  ^ 
«  M  «  ft  m  ft  «\o  1^*^  o*^ 
•k8ft^n^ft»d«*»»eo 


a 

.•w 

a  rNfta' 

«c 

<aa«C' 

—a 

ftftftftC' 

:i 

✓ 

«V  >N^i 

S 

✓  « 


m 

✓ 


m  ¥ 


m  9 


ft 

tft 

1 

ft 

U 

1  ft 

ft 

ft 

•» 

1 

« 

c 

ft 

1 

•» 

w 

ft 

rv 

u» 

1 

m 

ft 

ft 

1 

u 

w 

» 

to. 

1 

ft 

• 

ft 

1 

ft 

ft 

9 

iT 

1 

« 

to. 

e 

• 

✓ 

fk.. 

1 

w 

✓ 

c 

ft 

ft 

1 

1 

V 

toi^ 

• 

♦  ♦  ♦ 

» 

ft 

mm 

ft 

1** 

e 

1 

c 

#•» 

w 

/V 

t 

ft 

✓ 

1  M 

<i^ 

ft 

1  ft  Ito 

ft 

X 

ft 

»» 

1  ftftt 

1 

e 

1  Xft 

ft 

« 

1 

1  ft  Pte  ^ft 

<to 

ft 

ft 

1  ft*» 

ft 

l» 

f 

aa 

9 

1  IX 

•• 

ft 

U 

ft 

P*ft 

•» 

ft 

M 

1 

0m 

9 

> 

1  ft 

X 

w 

o 

ft 

mm 

ft  ftft 

•ft 

La 

ftft  ft 

• 

ft 

ft  ft 

• 

1 

M 

1 

w 

ft 

1 

« 

9 

•  • 

1 

U 

ft 

1 

• 

■■ 

u 

» 

ft 

ft 

« 

M 

u 

1 

U’ 

9 

1  ft 

ft 

ft 

• 

*  •  • 

1 

► 

ft 

1 

« 

• 

ft 

m 

1 

c 

ft 

1 

•• 

> 

ft 

1 

••#•#••••••••• 

«»  r«  2*  S' X** 


•••••••••••# 

■•  •  •«  «»  •>»  V  d  ^  «r  ^ 

■  ■  "•r''r*r®r*'£®2 


*Sllkl1  iO  IHO  jnitA  *  SjitJIJMI  <•!  k^lOjlS*  N«  <2 
sJi«JlitfiiJ  «o«  (MiUMnN  i«ia)S  01  owuaojjvi  »ttj  vjinj 

*NUIltJl  ItHU  JlfJiJNI  SHjMkIlh  SltlSslM  II  !  IION 


Tir  FOP  TF^TING  THC  CIFFFRFNCE  IW  TFf  TUO  TESTING  NF»NS  =  -.9420 

VPOTH*  :  III-U2  =  CNII 
YPCTM,:  lH-ll2.NF.rPlf 

Tirtw:  IMP  CrSTRfStiTION  UNfERlTING  THE  CIFFERFNCES  IS  NORMAL. 


•  •ROOR  TEftP.TmSILE  TCS TS-t  ELOWG .1  *  C .P*C •  f  1/77  TO  5/79»CE*T 


—  3072112 — TFE731  ENSINF  PA»T 


12  4  0 

F0R«l«T(I5««F10.2) 

F0RFATMA9) 

POS3POSRPOS5POS7 

serial  « 

0 

0 

INPUT  CATA 

PY  POSI 

2237 

7.00 

17.00 

17.00 

12.00 

216A 

21.30 

20.00 

20.00 

22.00 

395 

23.00 

23.00 

15.00 

23.00 

23S2 

20.00 

19.00 

20.00 

16.00 

AOA 

20.00 

19.00 

26.00 

23.00 

2379 

19.00 

15.00 

19.00 

19.00 

3015 

29.00 

29.00 

20.00 

2  3.00 

3395 

121.00 

12.00 

13.00 

9.00 

5900 

19.00 

21.00 

20.00 

19.00 

309  0 

22.00 

22.00 

22.00 

20.00 

309  6 

26.00 

29.00 

16.00 

25.00 

3010 

13.00 

21.00 

21  .00 

29.00 

THE  REAR 

=  19. 

29 

STANC  CEV  r 

9.39 

SU*  = 

925.30 

SOR 

OF  SQUARES  = 

19791  .69 

C«TA 


TtE*TP»E»IT 

1  fP0<3> 

2  fP0S4) 

3  eP0?5> 

4  *P0S7» 

HIGH  STO.Oev. 


total 

236.30 

231.00 

228.00 

230.00 

36.52 


PEAM*  SUP  SOP  CIFF 

19.69  199.55 

19.25  178.25 

19.00  132.00 

19.17  401.67 


STAOCARC 

CC9 

17.23 


16.20 
It. to 


M.f2 


TOTAL  all  treat.  STC.  CEVS.  =81.95 


ONE-UAT  ARALTSIS  OF  VARIARCE  RESULTS 
RULL  HYPOTHESIS  =  ALL  TREATRERT  REARS  EQUAL 


ALTERRATE 

HYPOTH.  = 

all  TRFATRERT 

REARS  ROT  EQUAL 

CE6REES 

SUR 

REAR 

SOURCE 

OF 

OF 

square 

F 

FREEEOR 

SQUARES 

SARPLE  POSITIOR 

3. 

3.139 

1.C46 

.051 

ERROR 

44. 

901.466 

20.493 

TOTAL 

47. 

904.605 

COCHRAR*S  equality  QF  VARIARCCS  STATISTIC  •6*  =  .4456  0  =  4 

RULL  HYPOTH.  r  RLL  ILOCR  VARIARCES  ARE  EQUAL  R=  12 

ALT.  HYPOTH.  =  ALL  OtOCR  9AR1ARCES  ARE  ROT  EQUAL 


TWO-WAY  ARAIYSIS  Of  VARIARCE  RESULTS 

ROLL  HYPOTHESIS  =  1>  ALL  TRfATRERT  REARS  ARE  EQUAL 

2)  all  RLOCF  rears  are  EQUAL 

ALTERRATE  HYPOTH.  =  U  ALL  TREAT.  REARS  ARE  ROT  EQUAL 


21  all  PLOCR 

REARS  ARE  ROT 

EQUAL 

CE6RFES 

SUR 

REAR 

SOURCE 

OF 

OF 

SQUARE 

F 

FREEEO" 

SQUARES 

SARPLE  POSITIOR 

3. 

3.139 

1.C46 

.094 

CAST./F0R6.  RO. 

11. 

535.637 

48.694 

4.393 

ERROR 

33. 

365.929 

11.086 

TOTAL 

47. 

904.605 

•  •ROOK  TERP.T^IISILE  TCSTS-tPLORB  L  •C-PRCIFICIl/77  TO  10/791  CW» 

C«T1 

— 3072112 — TFt731  INBINf  FART 
14  3  0  0  0 

FORRATI I5»3F10.2I 
F0RR«Tr3A4) 

P0S3P0S4F0S5 

SERIAL  •  INPUT  CATA  BY  POSITION 


2164 

19.50 

21.20 

19.90 

3  95 

21.60 

20.  70 

20.70 

2392 

16.20 

16.  90 

19.40 

2361 

19.40 

21.90 

20.90 

3004 

22.47 

22.90 

21.50 

3443 

22.70 

23.20 

22.20 

toil 

22.90 

22.90 

22.90 

1049 

21.30 

22.50 

21.90 

900 

25.00 

22.50 

23.90 

3337 

22.70 

25.70 

24.00 

3369 

22.00 

24.20 

24.70 

3040 

21.00 

23.60 

24.60 

3046 

21.60 

29.50 

29.50 

3010 

21.40 

22.90 

26.00 

THE  PEAN  s  tl.l*  STANC  tCV  :  t.2* 

SUP  =  930.NT  SUP  OF  SOUARES  ?  tOBSl.SO 


TREATHEHiT 


TOTAL 


f>CAN» 


1  <POS3> 

2  (»OSA) 

3  <PO«5» 

HIGH  STD. DEV.  = 


299. 77 
316.20 
315.70 

5.61 


SOP  SOR  CIEF 

21.3«  59.75 

22.59  61.99 

22.55  72.97 


STANCARC 

CfV 

9.60 
9.77 

5.61 


TOTAl  ALL  TREAT,  STC.  CEVS.  rlA.99 


PNE-WAV  A9ALTSIS  OF  VARIANCE  RESULTS 
NULL  hypothesis  =  ALL  TRFATRENT  RFANS  EQUAL 


AL  tepNA  TE 

HYPOTH, 

=  all  trfatpent 

PEANS  NOT  equal 

CEGREES 

SUP 

REAN 

source 

OF 

FREECOP 

OF 

SQUARES 

SQUARE  F 

SAPPLE  POSITION 

2. 

19.069 

7.C32  1.909 

Error 

39. 

199.699 

9.992 

TOTAl 

91  . 

209.763 

COCHRAN’S  EPU*LITY  of  VARIANCES  STATISTIC  "G*  =  .2799  »  =  19 

NULL  MVPOTM.  =  ALL  BLOCK  VARIANCES  ARE  EQUAL  N  r  3 

ALT.  HYPOTM.  =  ALL  BLOCK  VARIANCES  ARE  NOT  EQUAL 


TUO-UAY  ANALYSIS  OF  VARIANCE  RESULTS 

NULL  HYPOTHESIS  =  II  ALL  T^EATPENT  PEAN5  ARE  EQUAL 

21  all  block  PEANS  ARE  EQUAL 


ALTERNATF  HYPOTh. 

r  11  AIL  treat. 

rears  are  not 

PQUAL 

21  ALL  BLOCK 

PEANS  APE  NOT 

EOUAl 

CEGREES 

SUP 

REAN 

SOURCE  OF 

OF 

SQUARE 

F 

FREECOP 

SQUARES 

SAPPLt  POSITION  2. 

19.069 

7.032 

9.76  9 

CAST./FORG.  NO.  13. 

156.356 

12.027 

9.156 

ERROR  26. 

39.392 

1.975 

total  91. 

209.769 

ii.OM 
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••ROOM  TERP.rrNSILE  TESTS>tREC. ARE*  L AC.PAC.Cl/77  TO  5/791 
— 3072112 — TFF731  EN6INF  PART 
12  R  0  0  0 

FORPATf I5*4F10.2» 

FORRATfRARI 

P0S3P0SAP055P0S7 

serial  «  IRPUT  CATA  «t  POSITIOR 


2237 

19.20 

19.20 

19.20 

16.00 

2169 

17.60 

20.50 

22.30 

29.60 

395 

27.90 

29.70 

15.  20 

19.00 

2392 

23.10 

16.70 

21.00 

19.30 

909 

22.90 

13.10 

26.70 

20.30 

2379 

20.20 

12.90 

17.60 

20.20 

3019 

22.30 

23.70 

21.90 

29.00 

3399 

19.90 

12.20 

19.20 

9.60 

9900 

17.90 

19.90 

19.90 

19.20 

3090 

23.70 

21.50 

20.90 

21.50 

3096 

29.20 

22.60 

19.90 

29.20 

3010 

22.90 

20.90 

29.90 

29.90 

THE  PEAR 

=  20 

•33 

STARC  CEV  r 

9.! 

SUP  r 

979.90 

SUP  ( 

OF  SOUARES  = 

20907. 

m 

'■S'' 

m 

242 


1 

TNEATNENT 

TOTAL 

NEAN» 

SUN  SON  CIFF 

STARCARC 

1  CP0S3} 

25S. 90 

21.57 

209.09 

iS.Ss 

2  IPOSAI 

226.00 

15.93 

210.11 

19.10 

3  fPOSSf 

291.20 

20.10 

191.69 

MM 

■ 

•  IP0S7» 

299.70 

20.91 

369  .9  7 

HIGH  STD.OEV. 

=  33.22 

total  all 

TREAT.  STC.  CEVS.  =03.75 

I 

Li 


i 

s 


ONE-WAY  ANALYSIS  OF  VARIANCE  RESULTS 
NUIL  HYPOTHESIS  =  ALL  TNEATPENT  NEAwS  EQUAL 


ALTERNATE 

hypoth. 

=  ALL  TREATNENT 

NEANS  NIT  E3UAL 

CEGREFS 

SOP 

PEAN 

SOURCE 

OF 

OF 

SQUARE 

F 

FREECOP 

SQUARES 

sanple  position 

3. 

99.961 

16.297 

.779 

ERROP 

99. 

921.299 

20.939 

TOTAL 

97. 

970.160 

COCHRAN«S  equality 

OF  VARIANCES  STATISTIC  • 

8-  r  .3967 

N  =  Q 

NULL  HYPOTH.  =  ALt 

SLOCK 

VARIANCES  ARE 

equal 

«  s  12 

Alt.  hypoth.  =  all 

OLOCR  VARIANCES  ARE  NOT 

equal 

TWO-WAY  ANALYSIS  OF  VARIANCE  RESULTS 

NULL  HYPOTHESIS  = 

1»  ALL  TRFATNENT 

NEANS  ARE  EQUAL 

2)  ALL  RLOCK  NEANS  ARE  EQUAL 

ALTERNATE 

HYPOTH. 

r  I)  ALL  TREAT. 

NEANS  ARE  NOT 

equal 

21  ALL  BLOCK  NEANS  ARE  NOT 

equal 

CE6RFES 

SUP 

NEAN 

SOURCE 

OF 

OF 

SQUARE 

F 

FREECON 

SQUARES 

SANPLE  POSITION 

3. 

99.961 

16.297 

1.332 

CAST./F0R6.  NO. 

11  . 

517.710 

97.C65 

3.999 

ERROR 

33. 

903.599 

12.230 

TOTAL 

97. 

970.160 

5>Wl!i 
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TCWP.TCNSXIC  TCSTS-»»EC.»Rf*  L»C-PiCIFICIl/IT  TO  IO/7S»  CP» 
—  3072112 — TFP731  ENSINf  PART 
IP  3  0  0  0 

F0PPAT(IS«3F10,2} 

FORPATf 31PV 
P0S3P0«;PP0S5 

SERIAL  «  INPUT  CAT*  BY  POSITION 


216* 

19.00 

17.50 

19.60 

395 

22.60 

21.50 

20.10 

23B2 

16.10 

15.40 

17.90 

2361 

20.90 

21.90 

22.90 

300* 

22.60 

24.00 

21.10 

3**3 

2*.00 

25.40 

22.90 

1011 

2*.00 

22.90 

21.50 

10*5 

2*.*0 

20.90 

24.00 

900 

26.70 

26.00 

24.40 

3337 

2*.00 

26.00 

24.00 

336  9 

20.40 

26.30 

24.40 

30*0 

20.40 

24.30 

24.70 

30*6 

20.40 

26.70 

24.00 

3010 

21.10 

23.30 

26.50 

TNC  NIAN 

:  22. 

91 

ST6NC  CEV  r 

0.94 

SON  = 

M9.40 

SON 

or  SOOBNES  s 

91*11.10 

245 


f 


1 


jjsa 


THEHTHCHT  TOTAL 

NEAN*  SUP 

SOR  CIFF  ST^ARC 

1  IAOS3I 

306.50 

21  .99 

99.15 

7.29 

2  «POS*> 

321.90 

22.99 

197.67 

tl.M 

3  fP0?5» 

317.00 

22.69 

79.93 

6.19 

HIGH  STO.OEV.  = 

11.36 

TOTAL  ALL  TREAT.  STC.  CEVS 

.  rt9.79 

ONE-UAY  ANALYSIS  OF  VARIANCE 

RESULTS 

NUIL  HYPOTHESIS  = 

ALL  TRFA TRENT  MEANS  EQUAL 

ALTERNATE 

HYPOTH. 

=  ALL  TREATMENT 

MEANS  N9T  EaUAL 

CE6REES 

SOP 

MEAN 

SOURCE 

OF 

OF 

SQUARE 

F 

FREECOP 

SQUARES 

SANPLC  POSITION 

2. 

S.S99 

9.922 

.536 

ERROR 

39. 

321.753 

9.250 

TOTAL 

91. 

330.597 

COCHRAN*S  EOUALITY 

•G*  =  .9590 

K  r  19 

NOLL  HYPOTH.  =  all 

•LOCK 

VARIANCES  ARE 

equal 

N  r  9 

ALT.  HYPOTH.  =  ALL 

■LOCK 

variances  are  not  equal 

RESULTS 

NULL  HYPOTHESIS  r 
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Given:  The  following  data  concerning  test  results  (tensile 
yield)  from  four  different  positions  on  a  Waspalloy  forging 
Part  No.  3072112. 


PART# 

POSITION  # 

_ X*  _ 

Xi2 

3 

4 

5 

7 

1 

132.2 

133.8 

132.8 

133.2 

532 

70757.36 

2 

132.7 

137.8 

135.1 

134.3 

539.9 

72886.63 

3 

135.9 

137. 

132.7 

133.7 

539.3 

72722.79 

4 

137.6 

139.6 

140.7 

138.1 

556 

77290.02 

5 

137.2 

136.4 

135.5 

136.8 

545.9 

74503.29 

6 

139.5 

138.3 

142  2 

138.7 

558.7 

78045.67 

7 

135.6 

135.2 

130.8 

136.5 

538.1 

72407.29 

8 

138.9 

138.5 

137.5 

139.5 

554.4 

76841.96 

9 

136.4 

134.0 

135.9 

135.9 

542.2 

73498.58 

10 

133.3 

131.1 

131.3 

135.7 

531.4 

70610.28 

11 

132,3 

131.6 

131.2 

136.3 

531.4 

70612.98 

12 

144.3 

142.7 

141.5 

140.2 

568.7 

80864.07 

TOT 

1635.9 

1636.0 

1627.2 

1638.9 

6538.0 

TOT^ 

223152.99 

220833.80 

891040.92 

223166.64  223887.49 


Find:  The  results  of  analysis  of  variance  including: 

1)  Equality  of  variances  for  the  twelve  items 
(Cochran's  Test) 

2)  A  one-way  analysis  to  look  @  equality  of  means  of 
the  different  positions 

3)  A  two-way  analysis  to  look  @  equality  of  means  of 
both  positions  and  parts. 


SOLUTION: 


1) 

s  2= 

2) 

S 

3) 

4) 

12(223152. 99)-(1635. 9)^ 
12(11) 

12(223166. 64)-(1636.0)^ 

rnti  T 

12(220833. 80)-(1627. 2)^ 

nifi 

12(223887. 49)-{1638. 9)^ 
(132) 


12.629 

11.392 

16.862 


4.97 


SOLUTION (cont'd) 
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_  _  Largest  _  16.862 
g  =  - ^  -  4578^  =  .3677 


Total  S' 


significant  @  =.01 

n=4,k=12 


2) 


SST  =  Sum  ^i^ 


n 


SS 


=  891040.92  -  (6538^^  =  510.8367 

48 

(1635.9) ^+(1627.2)^^(1638.9) ^+(1636) ^ 


trt 


12 


-  (65381"  =  6.405 


SS  =  510.8367-  6.405  =  504.432 
£ 


SOURCE 

D.F. 

SSx 

MS^  F 

Position 

3 

6.405 

2.135  .1862  not  signif. 

Error 

44 

504.432 

11.464 

Total 

47 

510,837 

3) 

SSbl= 

( (532)^+(539. 

9) ^+(539.3) ^+(556) ^+(545.9) 

(558. 7) ^+(538.1) ^+554. 4) ^+(542. 2) ^+2 (531. 4)^ 
+  (568.7)2)/4  - 

= 

403.03 

SSg  = 

510.837  -  (403.03  +  6.405)  =  101.410 

SOURCE 

D.F. 

SS 

X 

MS  F 

X 

Position 

3 

6.405 

2.135  .6948  sig  @  It. 01 

Item 

11 

403.03 

36.639  11.9229  reject 

Error 

33 

101.410 

3.073 

Total 

47 

510.837 

mji'iLiiujgliimniui  gi  I W 1  ULIJi  UI'U  itf  njmujia 
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Duncan's  Test  on  3072112  CMR  Data  -  Yield 
Data  Table: 


Position 


4 


Total 

Average 

MSE  =  6.375 


133.9 

134.7 

135.4 

134.4 

135.0 

139.4 

138.9 

138.3 

138,9 

135.6 

140.6 

134.1 

130.43 

134.8 

132.4 

133.0 

135.3 

132.7 

133.6 

134.4 

134.6 

133.3 

136.6 

132.4 

139.1 

138.7 

135.7 

133.4 

135.4 

132.4 

134.4 

134.4 

130.3 

132.6 

135.8 

131.2 

132.2 

132.2 

132.6 

139.2 

138.9 

136.5 

1884.03 

1905.10 

1868.60 

134.57 

136.08 

133.47 

S-  =(®-375j 
'14  ' 

**=  0.675 

Test  this  Position 

Pos  5  Pos  3 


133.47 


134.57 


Pos  4 
136.08 


@a=*05 
d.f .=39 


R  =S--r 

p  X  p 


0  p=3 


P 

r. 


2 

2.86 

1.93 


3 

3.01 

2.03 


136.08  -  133.47  =  2.61  ife  2.03 


0 


p=2  (3:4)  136.08  -  134.57  =  1.51  ^  1  93 

(5:3)  134.57  -  133.47  =  1.01*^ 


0Cy=.Ol 

d.f .=39 


133.47 


134.57 


136.08 


P 

r. 


2 

3.82 

2.58 


3 

3.99 

2.69 


None  signif. 


Duncan's  Test  on  3072112  CERT  Data  -  Yield 


Data  Table: 

(see 

data  of  analysis 

of 

variance 

above) 

Position 

3 

4 

5 

7 

Total 

Average 

1635.9 

136.32 

1636.0 

136.33 

1627.2 

135.6 

1638.9 

136.57 

MSE  =  11.465 

„  _,11.465 

'  12 

=  0.977 

Pos  5 

Pos  3 

Pos  4 

Pos  7 

135.6 

136.32 

136.33 

136.57 

@(>=.05 

P 

2 

3 

4 

r  = 

P 

2.85 

3.00 

3.09 

R  = 

P 

2.78 

2.93 

3.02 

@  p=4 

136.57 

-  135 

.6  =  0.97 

3 

.02 

No  further  testing  necessary. 

Conclusion:  None  are  any  less  significant  than  any  other  mean 
value. 
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